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tiotla]  ]I]ctcorologirm]  satellites [fG’md!y,  1 99:{].

hl 1,S ]ias  tl)rcc rfidicrttictcrs, caclI  Imscd  o]! a sll]wr-
IIckrcxlyllc  receiver (see  l~dmtll C( 0{. [  1  993] for a]t
ittslrlllljcllt dcscril)t.  iolt). l;or tlIc ])ur}xw of  ]mra]II  -

clcrizitlp, ilw(rulllc]l( rcs~mllsc tllc i]lslru]]lcllt  CaII Im

clividcd  it~to tllrcc SUl WyStClIISj  tllc al Itcl ItIa, rtidiorltc-
tcrs, aIId filkr lmIIks. ‘J’lIe lilill) is scatlrld lIy tllc
II IItCIII  Ia, wlticl)  fcwusrs  li]rlh  c][lissio]]  it](c) (,IIc IIor]ls
of tlIr ra(liolllctrrs.  l{adia  Jlccs l]lcasurcd l,y tlIc  6J{-
(Jllx radioltlctcr rrre col[l})illccl wit])  a 6:+.283 -(~llz lc)-
cal  o s c i l l a t o r  sigtla] by a (Ic)lll)lc-siclcl]alt(l  II)ixcr,  arid
(I])])cr atld lower  sidclm]ld sigltals tire  l)asscd  tl(rougll
two i]ltcrtlirdiatc frcqucllq sill~,lc-siclcl  )a]lcl stages to
:i ][J-C]lall  IIC],  %boo-h’!]]Z-\VjdC’”  fil{Cr  }l~Ilk. ‘1’]IC ]{) W-

loclivc 63C;11Z clIalItIcls arc rcfcrrcd to as “lHIIId ] ,“
aIId a r c  IIult)lwrcd  1 15. (;} IaIIIIcls  IIavc silt  )ilar char-
acteristics olI racl I side of lmIId  cc))trr (c. p,,, Cllalltlc]s
2 aIId 14) aII(l a r c  narrower toward tllc cclltcr; signal
10 IIoise  is rollgllly ],rc~]mrtiolla]  to tl)c square mot o f
tllC CIlilllll(’1 \\’i[l(Il.

‘J’IIc sig,tlal ctltcrilig tllc rtr[lioltlctcr cotltail]s  ra-
diaftccs ctllittcd ly tllc lirt)l)  o f  tllc lhr[ll avcra~,cd
o v e r  l,IIc aIItCIIIIa f i e l d  of view  (101’), alId  a slIIall
CLcxtrallcous  radiattcc” Coltl[)riscd  of tllcrlllal cl[lissioll
froti)  tlIc itlstrutllcIlt (rtlos~ly  ttlc alltclltla ]Iritllary clc-
II Icl It), scattered radiarlcm frolll tllc ]~rilllary  lllirror’s
sllrfacc rollp$llltcss,  s~)illovcr  c~f tlIc })rilllary  ])ast tllc
swolldary, atId  cdp,c difl’ractioli, ‘J’IIc tllmllal COIII-
IWII(II1 o f  ttlc cx~ralicous  radiallm is s]wctra]ly f l a t
owl-  tl[c filter lIaIIli bal)dwidtll arl(l scan illdc])clldcllt,
I,(lt tllc s c a t t e r e d  and diff’ractcc]  colrt])o]lctlts IIIay  I)c

wcokly s e a ] ]  ;IIIF,l(I  dqmId[v It. ‘J’llr’ Scalillp, of cllall-
IICI collllt,s  to Imip,lltr)ess  tc]l]])cratltrc is acco~ll])lisllcd
usillp,  S] EICC aiIcl cali})ratic~lt target vic!vs t h a t  arc itj -

tcrs]xwcd u’it}l tllc litrll)  views l.~y a switclli]lp,  IIlirrc)r
lwtu,ccII  tile alltc]lrla  a]Id t,lIc radio]llckr. ‘J’lIc l,ri~,llt.
IICSS ictt]]wraluws of tllc tarp,ct  (ill fcrrd frotlt  its ]IIc;t-
SIIINl clllissi~, ily afIcl tcljl]]rratllrc)  arI[l s[>accj almlp,

wit]i l~r(lallftcl] Cillil)]a(iol) ]llcasurct]l(~rlts  of t,tlc ](KSCS

aloIIp, ol)tical  ]MI(I IS, arc il)cor[mratc(l  ill a litlear lIIOCIC1
rcl:ttitl?,  li]lll)  (wlltIts  to Iil])l> i-adiallcc I)riglltilws tell I-
]wratlirc, ‘J’l Ic ra(liolllc[ric gain is tlIc  ])ro~)c~rtic)jl:ility
collslatll it] this rclatioll. lk]~arkurw frol)l  tllc lilicar
relati(lli arc cstitllatc(l to lw Icss tllal] ( ) . ] % .

llata are forillattc(l i], (ib.53Gs  units c a l l e d  il’l I,S
Illajor fral]]cs (NIMAIF)l  cacl  I IIavirlp, a  utliquc illdcx
(MMAF.numbct]  ), IvIJMAII’s  a r c  furtl]cr l,rokctl  i)]to  32
Slll)llllits  ctIllc(l  h’ll, S II]illor  fratllcs (III MIIIs), illdexcd
fro]]) 1 to 32, A radiarlcc IIlcasllrc][lcjlt,  ofcit]lcr li]lll),
calilm:l[,ioll  larf,c(, OI SIMICC  i s  Inadc cacll  hflhlll~. A
litlll)  sca II is co]ll])lctc(l ill OIIC  hjjMAV and is IiOIII-

illally coIII]md of 26 lillil)  viclrs illtrrslmrsd w’it]i
six ca]il~ratjol)  lllf.:lsllr(~rtlctlls. A scarl  is discretely
stc]>lxd  fro]t)  90 to Ok III ill t;illp,(,llt-l)c)itlt  altitu(le

alId is  acljmtcd f o r  tlIc  l~art]l’s  o} Jlatc IIc,w aIId tllc
or})itl cccerltricity t,o witllirl  1 ,5k III (3. ok III ~)ric)r  tc) 8

A])ril  1992).  ‘1’lIc avcra~c s]mcillg  I)ctwccll  tattpyllt-
Imillt  a l t i t u d e s  i s  6kIII  ill t]lc  IIlcso:il)]lrrr, ~{- ~ ~111  ill
t h e  rlliddlc alId  ui)~)cr s[ratosl)llcrc, atld 1.5 2kIII  ill
tlic l o w e r  stratosl)llcre  aIId trojms[)ltcre,  Alxwlutr  a-
titudcs arc dctcrIIlitld d~lritl~, ~]roccwill$  frol)~ al I ml-
codcr IIICIUIIt Cd c,t~ t]lc  aIItCIIIIa scalt axis ;IIIC]  [JA]~s
c)rl)it/attittlclc kllowlcdp, c. ‘J’l)c accur[lcy of atmlutc
al t i tudes  is  Iilllitcd l)y UAltS attitude !il]cnvlcd?,e a]l(l
i s  aro{]llcl ] kilt.  ])i{l”crcIlccs }JCtIVCCII  taIIp)CIIt ])oitits
arc liIIm VII  to aroutld  80 III, of 1)’llicll 30 III arises froth
tllc Cllcodcr  rwwlut  iori. ‘J’lIc d i s c r e t e  sca!t  saIIII)lcs
tllc lirll}~ slif,llt  ly diflkrcilt]y for cacl  I hlh’l A 17, di(ltli]l~,
Only 1)~ all lINIJ!I’’-(I[$] )CIIC1CII(,  h4Ai11’-i]l(lcl)ctlclcIit ill-
tit.udc oflkct (SW ‘J’aljlc 2 of JOG for t;~llp,cllt-l)oillt
IIcip,llts of tllc )Iorllillal  scaII). ‘1’IIc altitlldc of a rc[cr-
crtcc Mkll]: (Nlhfl l]; 16) ctlaractcrizes tlIc  o v e r a l l  [K)
si(iollirlp,  o f  t,lle sca II }vitllill tllc atlllosl>llcrc, aj)d i s
rcfcrrcd to as “scaII rcfcrcl~cc  altitude. ”

‘J’IIc ort)it is illcliltcd 57° to t}lc e q u a t o r ,  all(l t]lc
orlli[l ])laltc  ]>rrwxsrx  Ly 360°  every  ‘i’? d a y s . Nll,s
SaIII])l CS tllc ltart]l’s lit]]}] 900 fro]l]  tlIr flip,ltt  dircclioll

011 tllc s} Ia(lcd side of tlir satellite, alol I~, a ]rlit]or  circle
(tal]p,clit  t r a c k )  oflwt a])],roxiri,atc]y 23° (alot,p, t]ic
.c,rcat c i rcle)  froll[  tllc SIII) orl]ila] track. ‘J’IIc t,atlp,ctlt
t r a c k  cxtcrlds over  a  latitude rallgc froltl 80° ill olte
IIclllisl)l)crc  to 34 0  ill ttlc o t h e r ,  and tllc llcl[lis~]llcrc
rcccivillp,  IIlaxilllutl) covcra?,c  rel’crse.s  al)l)rclxilllately
every  36 days WIICII UA1{,S  cxccutcs a 1800 yaw llIa-
Ilcllvcr.  “J’JIe  tirllc 1K4WCCJI ya~~  rlia]lcuvcrs  is called a

J’LIW’ ])crio(l, S[)liir :111(I  IIlcas(lrel[]cllt tilllc are stroll~,ly
c o r r e l a t e d  ill this \Jic\$,illp,  p,collict,ry,  iIItd so]ar ti]llC,

I)otll a t  tllr hll,S alId  t]lc  (Zlllp,cllt-]>(,illt, slotv]y  llIC-
ccsscs  duri[lg :1 yaw, ~)rrio[l,  Arross a y:II\, Illall  C[ll,C1-,
s o l a r  t,jt[lc at tile t,:lllp,cllt,-j)ojllt  c] ItIIIp,cs ])y ljjorc t]l:lrl
~{ llo~lrs, sllifiili~:  fc,r}vzlr(l 011 otIc siclc of tlIr orl]it LIII(I
b a c k w a r d  011 tllc ot]icr. 0 1 1  aIIy (lay tlte asccrlditlp,
or (Icscct)dillp,  side o f  tlIc orl)it, (dcfit  Ic(l l.Iy }vllctllcr
latitudr is  ilicrczlsitl!,  o r  dccrcasillp,  ~vitll tilt]c) SaIII-
])l(s  cssctlt  ially tltc SaIIIC locai s o l a r  tiljlc at, a p,iv(ll
lalitu(lc.

IIlstrutllclltrll  sollrcrs of e r r o r  a r i s e  froll]  [illccr-
tilility it] tllc al Itcl IiIa l’()\7, tllc cl Ialll Icl s]wctral rc

sl)ollscs, ~llc rficlic)t[lctric  ~ain, a)ld tl]c r-ltallrlcl s ide-
},a,]d ratios; ~rr~,]s ill (IIC ]llmlclillp,  of tile Cxtraflo
OIIS radiance aIId salll]~liltg  cri-or IN’ tllc (Iiscrc[e scar  I.
‘l’]lC :Illtcllllli  FOV  :IT1(l  C} I:IIIIIC1 sl,rctra]  rcstm]iscs

:{



at-c tal)ulatccl fuIlctiolls  of a] Iglc alId frcqucllcy, ‘I’l IQ
IIa]f-lmwcr  l.warII widttl  (111’IIW) aIId tile radiallct-
wcigllt)d  ctlallllcl  slIa]w (dcwritml t)y ,){)6)  arc ])a-
raitlctcrs  i~]troducrd t o  charactcriw  ttlrxc ful)ct,iolls.
For  tlIe  ~)url)osc  of })ro])agatiIlg  e r r o r s  tliroug]l tllc

analysis systcrll, tlIc alltclllla J)attcrll w a s  strctcl)d
I)y a  facloi-  collsisterlt wit])  tllc utlccrtairlty ilt tlIc
11 l’ll\V. Sil]lilarly,  tile cllallilcl srvxtral res~,orlsc  w a s
lwrt,urbd b y  a  Illtllt,il)licativc  slo]m collsistc]lt  with

ltlc estiltlatrd ullccrtai]lty ill tlIc  racli{lrlce-}%’cir;tltc(l
clIaII]Icl  slta[m.  III dcterl[lillitlg wllicll  furlctioIlal lmr-
turl)atior]s l.wsl characterize errors, several tylws of
]wrtur}.mtiol]s  were  aI)])lid t o  tlIr2 11’0\7 and cl]all-
IICI s]mtral rcs])c)lisc, aIlcl tllesc ]Jroducc  tlIc  largest
clIa IIges to calcu]atcd radia[lccs. ‘J’lIc dolllillatlt soarcc
of  er ror  iIl ttle radiolllctric gairl  is  associated with
Iosscs  aloIIg  o])t,ical  pat]ls aIId is cxl)cctcd to hc cllall-
IICI aIId N4N41F illdc~wlldc]lt;  nleasurcd radiarlccs w e r e
rcscald by a cllallllel-  illcl[’j)cllclcrlt  factor to study ra-
dlollletrlc galIl  e r r o r s . ‘1’}Ic  irls(ru!rlc]]t  lIIcIdcl coll-
taills sidclmlld r a t i o s  f o r  cacll cllaIIIlcl,  but bccausc
errors  ill side’1.m]lcl ratio arc cxl)cctd to I)c IIip, thy
corrc’latd ktwecri adjacctlt clla]lrlcls,  sidc})a]ld  ra-
tio e r r o r s  ]Iavc  becII rcl)rcscIlted I.)y a sir)glc  cllallllel-
i]ldclwlldctlt  IIllllti])licativc fac(or. lrlstralllcrltal er-
rors also arise frolll tJIc cxtrallcc)us radiallcr, i.e., scat-
tcrcd arid  ett]ittecl radiaIlcc frol[l  tile o~)tical  I)atll.
Sctlsitivi(,y  of Lcln]wrziturc  aIId  tallgcIlt-]]oi]lt  ])rcssurc
to exti-aflcous radiatlcc was studid by aIJJ)lyitlg  ctlalb
IIel alId  hfhlll~-illcle~)cl){lerlt  radiallcc oflkcts  tc) ttlc
t[lcasurcd radiances ,  and I)rocrxsing;  tllc ]mturbcd ra-
CIiallccs tllrougl] tllc a]lalysis systcl[l. ‘J’lIc error alIal-
ys i s  f o r  {lIC stall rcfcrclicc alt, it,uclc is ])crforllld froltl
syllt]lctic i-adiallccs tha t  have  bccII ,gc~icratcd  for aII
cl Isct IIl)lc of seal Is, wl]icll  view tlic s:iIIIc atrl]cmj)llcric
st, {itc ~11(] ~]ifl~r I)y a ]lCjg,]]l. illcl C]) Cll(l Cllt altitude Ofl:

Set, .

MalIy  lmraIltctcrs are illfluc]lccd I)y ilisolatioll  aIld
arc w e a k l y  tilllc dc]w]ldcllt. F o r  tlIcsc  ])ararrlctcrs
tl]c accuracy is tllc till lc-avcragd or m-o-  frcquc]lcy
COIII]K)IICIIt of t)lc ])aral[lctcr ti~l)c s e r i e s . ‘1’llc’ st:l-
l)ilily, or dclmrturc fror]l  i t s  average value ,  i s  cllar-
ackri7Jc(l  l)y tllc lmtvcr  co~ltaillcd  ill tlIc  IPout-icr  dc-
colll]msitio)l o f  ttic ti)l[c variatioli. III lnost Cascsl tllc
tilll(,-(lc}]cllcl(,tlcc  is do]llitlatccl  I)y cl]allp,cs over a yaw
]wriod, aIId tlic sl,al)i]ity listed ill ‘J’able 1 is usually tt[c
dciriatioll  fro]]] tllr ]IIcal  I c)vcr a yaw Imriod.  ‘J’illlc s(-
rics ofcilp,  irlccrillp,  data (SW JOG) sag~;est  that cl IaIIgcs

ill illstrulllc])t Iwrforllla]lcc  (e. g., radiolllc~ric scalirlgl
slwctra] rcs]ml)sc, and cxtralleotls radiallcc) durirl  F,
tllc first 2 years of olxratiotl arc sigrlificalitly less tllall

l % .  IIowver, ctlarl?,cs ill MIJS o]wratio]l, suctl  a s
rllodificatic)lls t o  tllc il)stralllc~it colltro] ])roF)raIll$ or
I]o\vcr illtcrrul)tio~ls, IIligllt  lIavc  afl’cctd ills[rurllcllt
lmllavior a]ld  arc listed it] ‘1’a~)lc 2. 011  tilncscalcs o f
a few hlh’JAPs,  lilc~warcl[lclit,  rcl)catal)ility (})recisiorl)

IIas cc]]ltril)utio~ls  frolft  radia]lcc IIlcasurclllcrlt IIoisc
and rcfcrcllcc sca II altitadc var iabi l i ty .  A radial [cc
tloisc  that  i s  cllaIIIlcl  arid  radiatlce dclwltdcllt  is ca-
culatcd fc)r each rI]casarclllcllt and rwlgcs frolrl  0.3 K
iil tl]f.-  ce]itcr cl IaIIIIcls looliiflg at =250 K  t o  0 . 0 3  K
ill tllc wiIIF, cllaflticls wlIelI Ioc)kirlg a t  2.7 K  (slmcc).
l{adiarlce Ilc)isc i s  bawd otI rllcasarcd systcIII  floisc
tclllrwraturc wllictl  h a s  lV.-CII stal)lc. l{cfcre]lce  scail
altituclc varies 011 ti]llcscalcs of all orl)it and tllc yaw
l)criod; its stal)ilit,ics  over  lmt]l  lwriods arc  l is ted ill
‘1’a}.)lc 1.

2 . 2 .  ‘J’IIc ALIIIC)S1)IICM:  Model

f{adiative tra~lsfer IIcar  63-GIIz i s  dorllirlatcd  })y
IIlolccular alwor~)tioll  ill lcIcal tllcrlllc~clyllarilic  cqlli-
lit)rillln Lliroll?)l]ollt tllc stratosl)llei-e and lo\vcr  IIIMO
s])llcrc.  ‘1’IIc atrllos~)tlere  lIIodcl  illrluclcs  lillcs  frolll  all
sip,llificallt,  crilittcrs;  34 ()? lillrw, 1 0 0  lsOO Iillcs,  64
1700” litlcs,  al[d  ‘i’ IIz() lillcs,  WTitlli  Il tllc f i l t e r  b a n k
slwct,ral  rallp,c,  oIIly tww OZ lines at 62.998  atld  63.56!3
(;]]7, ~llc] follr  1800” ]Irlcs ]la~,c si?,llificatlt  s~)cctral SiF;-

Ilatarcs. ‘J’l Ic t w o  02 lillm :irc ttlc ]>rirr]ary cIllittcrs,
aIId Illap,]lctic  li]lc  s])littillg  o f  cacti  irlto  93 and  IOb

ZCCIII:III  coIII]mIIcIIts,  rcsl)cctively, i s  iflcludcd ii) tllc

calculatioIls. S})cctrosml)ic Iitlc strc]lgtlls and trans-
ition frcclucllcics  arc ol)tail]d frolrl  tt[c  J])], cata-
log [1’o~yt~ltr  UIId l’ickctf, 1985; I’icA(l/ cl al., 1  992],
and ():, line sllalm Imralllctcrs for  \Tcrs ioIl 3 ])roccss.
irlg arc frc)Ill lick [19{) 1]. IIatcr allalyscs [I,icoc  ct al. ]

1992] illdicatc that tllcse J)resstlrc-l)rc)  :iclcllirlp,  codli-
cictlts arc 0% t o o  large. 11?() litlc slIa]Ic  Jjartilllctcrs
arc ot)taiIlcd frc)lll ltosc?IkralI.2  [1 !)88] alId  )(oscrIklr(fu

1800”  ]jllp S]]a])e J)~ra Illck’rsarid  .$’/orlitl [1988] arid
arc cstlll] ated fror]] 0? J]aralllctcrs.

(;alcalatd Slx-ctra  for clllissiorl  fro]n  isothcrlllal at-
Illos])llcrm  a r c  SIIOWII ill l“i~,llrc 1 .  ‘J’}Ic cr[lissio]l is

frolll  ray trajcctor-ics  with taIlp,cl)t-]millt J)rcssarcs at
1 ,  1 0 ,  atld 22111’a  and atrllosl)]lcric trlll]wratllrm o f
22b, 24{), and 2GL  1<, ‘J’]Ic ])ositioll  of tile t~~o sidct)allds
arc SIIOWII s o  t]lat lillc }vidt.lls and f i l t e r  l)al)k  tmrld -
widtlls  (alI tw collllmrcd, ])ut  aIIleIIIIa  WV stllcar-
;[IF, is Ilot illcllldc(l  ill tllc calculatiol]s. ‘J’llc radio rile-

tcr i s  dcsigllcd s o  tlla~  tllc OZ litlcs  arc cclltcrcd otI
Cl IaIIIICl  8 aIId fold 011 to])  of ractl ottlcr ill tllr irllcr-
IIldiate frcquel]cy slmctrull). ‘1’IIc t w o  0~ li]lcs  lIavc
aJ)])roxilllatcly Cclual lillc  strcl[?,~}ls alId  w i d t h s  atId



IWXWIJ)C ol,tical]y thick (sa turate)  ilk each  c}larlllel at
a})]jroxitilatcly tllc sall]c p r e s s u r e .  11’c)r  t:illgcllt-})c)lllt
IJressurcs almvc 0.1 111’a (Illcalling  at higher altitudes

), tl,c c,rlissiollor ]owcr  ~)rcssll rm i s  ]mirilarily  it) tl]c

Inidcllc  tllrcc Cllalilic-ls, and al l  cllanllds saturak hc-

IOw holll’a.

‘I’l Ic elilissioll dqmlds  oll tcrnlmratIlrc, I)ressurc,
volu Inc Illixil]g  ratio, Iillc  of sight (1, OS)  velc)city,  allcl
IIlagrlctic ficl~l. ‘]’tlc latt,cr two ]Jaramctcrs s h i f t  c~r

s])lit tllc Iille  ])ro]mrtio]~al  to velocity or field  strcllgt)l
and are significant ol]ly  ill tjl)e tllrce middle cl IaIIIIcls,
~, 8 and (). hflap,llctic  ]il!c s~)littill.g  i s  esiiTtlatcd  fro]ll
t}lc 1985 IIlierllatic)tlal  Gco]nagtletic ltcfcrcllcc F i e l d
[llc,?~ciclotif,lt, 1987] and tllc l)OS  vdocity i s  a~)])roxi-

]Ilately t,flc co]ll}m]lcmt of tl)c- I’;ar Lll rotatic)tt v e l o c i t y

ak)~l~ tllc llOS. ‘1’hc clllissioll ill ol)tiCally  tllill Cllall-
IICIS  dc]w]lds o]lly  w e a k l y  on tcln1x2raturc lwcause

tfle  tcllllmraturc dclmlclcncics o f  tllc lillc  sllaJJc,  Iilw
strell~ill, aIId l’la IIc!i fullctic)n  nearly callccl. 1’ressllrC
sensitivity is strc)llg  wllcnevcr solllc cl)allllds arc Tlot
saturatd, allcl as scctl  ill lti$urc 1, this occ~lrs fr~lll
101)1’a lc) al,c)vc  0.1 h} ’a.

‘1’llc lilnll radiances  cllterillg the racliollletcr  arrive
fror[l  a  rallgc of tallp,clit-])c)irlt  ]>rcssurzs  clctcr]nillccl
l)y tllc tallgcllt-])c)illt })rcssl)rc  at tllc borcsigllt o f  tile
FOV, the alltcnna FOV  slla]w, tltc distarlrc to tlic
Iiltll)  allcl tllc tc~l)]wratllrc  })rofilc (vertical gradimlt  of
l~rcssurc)  witllill tile l“OV. ‘J’llc Cle])rdcllce o f  tllc

Iillll) radiance C)]I t$llc })rcssure  rallgc o v e r  tllc FOV,
wllicll  dqxmds  on Wnlmratllrc, accollllts  f o r  a]ll)ro~-
iltlatc]y IIalf tl)c tcm]xrtrturc s e n s i t i v i t y  c)f ullsatrl-
ratcd racliallccs and Inost of  Lllc s e n s i t i v i t y  ii) the
~ltrsosld)erc.

l’rofilrs of tcln]mat~lrej ]nixillg ratio (Vhili) a!l~l

1,OS velocity arc rc])resclltccl  as ])icmwisc-lilicar  funct-
ions ill 10F; l)rcmurc, wit,ll tl)rec CWCIIIY sljacecl  ~)rea~-

~millts  ]wr clccadc  of ~)rcssurc  (e.g.,  10, 4.6, ‘2.2, aricl
1 111’a). l’krors alld ~mturl~atiolls ill I)rcssurc w i l l
IW rcl,c~rtccl in log-} )rcssure c o o r d i n a t e s  (11 III l’o/l’)

wllcrc  II is tlIc’ s~allclard  scale llcigllt (7  lil II) and }’o

is tlIe rcfercllcc ])rcssurc (1000111’a);  tllc v e r t i c a l  rcs-
c)lutioll  of tile re])rcscrltatioll  l)asis i s  5.4 kill  ill tllcsc
~lllits.  111 Vcrsio]l  3 ]moccssilw,  alml?,-track and lIOS
p,riidicllts a r c  i,ylorcd w’itf)ill tllc volu]nc vimvccl l)y a
S(i(ll, so t,llat tclnl)eraturc and IIlixillg  ratio fields  CIC-
lwIId oIIly OII I)rcssure. Since for microwave Cl]lissiorls,

radia]lce dqwllcls  :I})])rc)x  ill-i atcly.lillcarly oll tc]lllwr-
atrlrc, errors frolll IJOS gradictits it] Illicrowavc lirilt)
sollll(lil]g  tcllllwratrlrcs  arc srnal]cr Lllall tllc)sc c)ccur-
rillg ill ill frarcd lirlll)-sc)(lllclillg  tcln]mratllrcs.

3. Algc)rithms l’rodurinp; Version 3 l)ata

‘1’IIc d a t a  arc })roccssed  at tllc UAI{S  (~clltral l)ata
IIalldlillg ]Jacility ([:1)111’)  ill Whour scp,rncllts,  start-
irlp; }~~it]l t]lc first, h!i NIAl~ afkr 0 0 0 0  (J’1’. ltaw Nfl~S

d a t a  a r c  r e f e r r a l  to as “lj CVCl  O “ “l revel 1” film

corltaill czilil]ratcd radiances , ailtc[llla ])oitltilig, arid

cllgillccrilig  data, ‘(l,cvel  2 “  f i l e s  coll{aill  tile outl,ut
frorl]  tl)c rctricvalsl corisistill.e,  of p,co])llysical  l)aralllc-
tcrs alicl rdricval d iagnost ics .  A furtllcr lcvd of ~)ro
ccssillg gcilcratcs ])roducts cr]I a colllrnoll lJAI{S  g r i d ,
and t,]ICSC arc rcfcrrecl  t o  as ‘( I,CVCI 3 “  fil CS. IIC\’C’l 3

film  arc furtllcr categor ized as  lmvcl  3A, mlltailiillg
l)rofilc  data, allcl IJevc] 31 ‘, colltairlirlp,  retrieval cliap,-

]Iost, ics a]ld p,coI)llysic:ll  ])ararnctcrs c,tllcr tllall ])rofrlc
clata, l,CVC1  3A j)rofilcs are illtcr~)olaiccl  to a  staildarcl
43 lCVC1  (illclcxcd  (), . . . . 4?) UAliS grid that is CVCIII}’

sj]acccl  111 lop, ~)ressl]rc frc)lll 1000 Ill’s to 0.0001 Ill]a

\vitli  s i x  ~)c)illt.s Jwr decaclc  c)f I)rcssurc. ‘J’llc NJIJS re-
trieval grid is a s~l})sCt c)f t.flc lJAI{S gr id  co~lsistil!g

c)f c)IIly tllc CVCYI lJAI{S surfiices. I,CVCI 3A arid 31’

film  arc crcatcd C,II a  tillle p,rid witfl  l)rofilcs  se])a-
rated l)y 65.536-s ir)tcrvnls (I,3A’J’ iitl(l 1 ,31’ ’1’ )  c)r at
4°  la t i tude  illtcrva]s (1,3A],  and 1 ,31’1 , ) .  ‘1’ILc  l,3Arl’
values C)II tllc cvcrl surfidces  arc t}lc ]jcvel  2 r e t r i e v e d
],rofiles,  wllilc those 0 1 1  dlc c)~lcl s~lrf~c~s  arc  tll~ a~’cr-

a~cs of tflc aci.iaccllt  surfaces. ‘J’tlc I,CVC1 3A 1, ])rofi]cs

lIavc all addit,ic~llal  IiIlrar illter])c~latic)rl  along tllc or-
I)it  track. ‘1’IIC lJA1{S griddillp;  tca~l] ((;. A .  l{clwr
allc] p, ‘I’, ]l~lallg,  ‘1’]Ic lJAl{S I,CVCI 3]1 gric]dillg  al-

p,c)ritllin,  ~nalluscri~)t,  ill I)rcj)aratiorl) al)~)lics Kalrnarl
filtering to tllc l,wel 3A], data tc, gcllcratc a l,CWC1  311
l)rocloct  of Yollal IIarlllollics.

A vcrsiolj nu]l)lmr is affixd to cac]l  f i le  according
t o  tile ],roccssirl?,  streal[] that ~clleratecl it. ‘J’llc Ver-
sio]l 3 film  nave Imll gellcratcd fc)r tllc clltirc lllis-
sioll tc) date. ‘I’l Ic forlllat and collte]lts o f  tllcsc film
are clcscrild ill tllc statldarcl f i l e  clcscrij]tio]l  urlits
(Sll)ll) clc)c~)lllcl}tatioll, avail al)lc frc)lll tllc ~1)111~,

N A S A  Gcddard S])acc  Flight (kr)tcr.

‘I’l Ie d a t a  ~)roccssillp, strcatll lIas t~vo s t a g e s .  ‘1’llc

first gcl]cratcs calil)ratd racliallccs trIIcl radiallcc ]~rc-
cisio]ls  and flags qurs(iollal)lc data; tflr al~oritllms arc
clcscrilxd l)y ,106, Gcol)llysicfil  I)araltlctcrs, ljcvcl  2,
arid  J,cvel  3 I]roducts a r c  l)roclllcd duril]g tllc sccolld
stage; quality cl]eckillg  is dollc at l)otll stages. Ibr ally
Nfhf Al~, ifcitllcr sta~c fails, t}lc ])aralllctcr MMAF.STAT
cc)rltailld ill (IIC ljevcl 1 a])d ljcvc]  2 outl)~li  f i les  and
irl tl]c l,csc] 3 1 ’  files  is  fla~p,ccl a s  I)acl. LJscf(ll radi-
ances and lctricwd l)rc)cl~lcts a r c  ol)ttiilld frc]lli ll]ost
lillll)scans, cxcel)t for rare occasiorls, such  as }vllcll  tllc



McrolI al,]wars  ill tlIc lWV o r  tllc iilst,rurllcrit cxpcri-
Cllt.cs at! a]lo~]]a]y  (all  error irl Lllc ~)roccssillg  sc)ftivarc
ill)l]rol)crly calibrated tllc radiances for RI 1 succes-
sive  hlill Al~s o]] 6 Octobm 1991, 2 Fcl)ruary, 9 AI)ril

aitd 11 Sc])tmlllm 1992, and 8 lkhruary altd 11 h~arcli
1993. ‘1’IIc rctricvd I)aramctcrs frorll  tIlesc MhlAlrs
arc IIot valid, alillougl)  l,cvc]  3 quality indicat or-s do
IIot flag  tllc lmra~llctcrs as  Iwillg  Id).

3 . 1 .  k’(m]llulat,ioll d t}Ic ILt!trimwl Algorit]l]ll

‘J’hc r e t r i e v a l  algoritl}xl~s  arc dcscril,d I)y l’rozdc-
N1U3 {t 01. [f,llis i s s u e ]  altd a r e  bad or) t,lIc scqucll-
tirr] cs~ill)zit,ior, td,tliquc dcscril.)cd  by lidfgc?s  [1976].
‘1’lIc  al~,oritli[n seeks to I]lirlil[)izc  res iduals  bctwcctl
a calculated radiaticc yc aIId tllc Illcasurcx[  radiatlcc
y ,  wcigllkd by all error covariallce l;. ‘J’IIc r e t r i e v a l
SC)l VCS t,lle scquctlt,  ia] esti]l)atio]l uldatc cquatiolls

ml : ml. 1 -1 l)i. ] x (rJi - rfi) (1)

wllcre i is all il~dcx over  the  se t  of ~llcasure]ncllts, x
is tll( vector  of r e t r i e v e d  jmralllct,crs,  and S; allcl lji
arc tile sc)lutlio~l  covarial)cc  Inatrix a]ld  cotltril~ulio~)
futtct,iorls  after itlcorJmratillg tllc ith lllcasurclllcrlt,
resl)cc~ivcly.  ‘J’lIe cstilllatecl urlccrtailltics J)lacd ill
ttlc l,cvcl 2 afld  IJcwel 3 film are t,llc square r o o t  o f
tl)c  diagoftal  clcl I]ct Its of the solutiorj covariallcc  IIIa-
trix, ‘1’lle wciglltillg  fullctiolls 1(: IIavc cO1llI)ollcnts
?]JC ~ /&C

ILatliallces arc assitililakcl st,art,irlp; at hlhlll~  1 aiId
workil~g  sequel ltia]ly dowjlwarcl, OIIe hf hl 1}~  at a till]c.
‘1’llc rctricvcd ~mralllctcrs  for Lallcl 1 arc tllc tcnn]wra-
ture I)rofile  al)o~’c 46111’a, tllc tarlgetlt-lmillt ~~rcssurcs
aIId tJIc “basclilic  offsets. “  ‘J’lIc 32 tatlgmlt-]wiilt ~)res-
Surcs,  and Imsclillc  oflkt,s arc MMIlr dclwrldellt.  II;acll
I.msclillc  offset is a s]wctrally flat radiance, added to
ttlc calcula ted atltlosj)lleric radiance to accoul)t for
Illc  cxtrallcmlls radiallcc dcscritxd ill tllc irlstrulnetlt
]Ilodcl  scctiotl. lJ1llilic  t,ct!llwrai,rlrc,  e a c h  tatlgclJt-
lmitlt ]Jrcssure allcl tmsclil]c c)fkct  cocfTicicllt  afl’ccts
radiances of tl~e. corrcs}m]ldiiig Mhlll; and is rctricvd
crtlly frolll tltow radiail cc, ‘J’;l[lp;cllt-])c)il)t ])rcssurcs arc
ret, ricvd oi]]y for h!hfl}~s  almvc 10111’zi. lklow 10 lI1>a

ttlcy arc cstiiilatd, usiltg ltydros{atic balattcc, fro]]]
tllc tcltl}wratrlrc ])rofilc  at tl)c star[ of tllc hlhlll’ aild
t]tc  tallgclit-~,oillt  ])rcssurc of tllc l)revious hlhlll~.  At
tl]c  crtd oft]ic tc]l]]wraturc  r e t r i e v a l  tllc t,atlgcnt,  ])oi]lt

I)rcssurcs brlow 10 lll)a arc u~datcd a sccoIid tilile us-

il)g h y d r o s t a t i c  halallcc and ttle fil[al cstitllatd telli-
pcrzrture; tl]cse uIdatd tallgcllt-])oitlt  J)rcssurcs  a r c
sutmquellt]y used ill the constitucr]t retrievals. otl]cr
~)aralllcters  that }vcakly affect radiallcw,  suclI a s  ] , 0 S
vc]ocity, tcft~]wraturc  at 4 6  111’a  a]ld lwIow1 ]llag~letic
field,  a]id  tlie gcc)cclltric  alti[udc c~f lJAl{S  atld  tl,c
tall~cllt ]~oillt,  a r c ‘collstrairlcd’ t o  valurx  a})])ro])ri-
ak for tllc k] hlA  F bcillg ]~roccssd, ‘J’IIc cc)rnl)itlat  ion
c)f rctricwd aIId co]istrairlcd  ~mra][lctcrs  i s  callml tltc

‘(state v e c t o r . ”

‘1’lIc Vcrsioll  3 r e t r i e v a l  algoritll][l cIJIJ)loys a lirb
carized fc}rwarcl ]nodc]  usirlg  table looku~) t o  obtain
radiallccs arid  tl]eir der ivat ives . ‘1’tle table is rnwlu-
atcd fc]r a clil[latologica] atrflosl)tlcre and is keyed t)y
till~c  (1(1 el)trics, one  ;m UAIU5  yaw }wriod),  latitude
(8 bills, 20° wide cellkrd 011 70°S, 50°S, . . . . 70”N),
taTlge]lt-I)oi]it  l)rcssurc (43 i]lterJ)olatio~l  J)oillts,  (i Imr
dccadc of  ~)rmsurc  frolll  1000 111’a  t,c) 0.0001 Ill’a), Llic
sign of 1,0S vc]ocity (i. e., wllcthcr tllc IIleasurel[lcllt
i s  oli tl~c ascmldillg o r descclidirlg s i d e  o f  tile or-
l)it) a)ld  Illagtlctic f i e l d  strmlgtll  ( f o u r  hills), ‘J’llc
ta},ulatcd values are itlterI]ol;ited  t o  t}lc estiTllatcd
tarlgc]lt-~)oitlt I)rcssurcs, usitljg cut~ic s])lincs  f o r  tlw
radiances  a]ld  lillcar illterI~olatioll for tllc dcrivat,ivcx,
and uscs tl~c currcl]t cstilrlatd talipplt-poi]lt J)rmsurc
for  cacll  IIleasurcrilcllt. ‘J’llcrcforc  tl)c  Ir]odcl  is llolllill-
car iTl tallp,c]lt-])oirlt I)ressurc. ‘J’}Ic ~ilag,fletic field bills
arc keyed to field strcli~tll arid  ltavc  a fixccl dircctioli
lvitllirl cacll  lat, itudc Lirl; t h i s  rcl)rcsclltatioll i s  IIot
sllflicicl~tly  a c c u r a t e  f o r  clizil)l)cls  7, 8, rrlld 9, wl)ic}l
collsequcllt]y  arc lIOL usd iTl \~crsioll  3 I)roccssi]l  E;.

F;rror  sources ill tl]c  calculation, of radiallccs aris-
itlg  fro]il  llurlLcrical  a~)~~rc)xilll:~tic)[ls,  “fc)rward  llKxIc1
IIoisc”, illcludc llc~lllillcar  dejmrturcs frolll  tllc lirl -
carid forward Ii]odcl,  quadrature error ill irltcy,rals
over frcquc]lcy, r a y  ])atll  alld alltetlr]a ]]attcrll, irttcr-
])olatioll e r r o r  associatd w,ittl tab]c lookulm,  and aJ)-
I)roxinlatc rei)rcscrltations of  sjwctral lillc  sllaIws o f
Iillcs  o u t s i d e  tl]c  filter t)allk  balldl)ass.  IIascd 011 sclI-
sitivity s~udics, Iillcarizatio]l error dc,lrlirlatcs  forward
lIIcKlcl ]Ioisc  aIId i s  lCSS t,lIa II l% o f  tl]e calculatd ra-

dial]cc (1~96).

‘J’lIc error covariallcc  l]latrix ~; i s  dia~o]lal witl~
cacti  Clcrllcllt  qua] to ttlc square of tile uncertainty irl
tllc diflcrc~lcc  i)ctwccll  t)tc  cstirllatcd arid tllc otwrvd
radiarlces. ‘J’llis urlcertaitlty is equal to ttlc root surt]
square (rss) o f  t]lc  IIlcasurcd radiarlcc  J)rccisiorl  frolll

licvcl 1  j~roccssillg,  the ullccrtaility iii tile cstilllatd
radiarlcc  arisil]g froth co~lstraiticd I)ararllctcrs (tllc di-.,
agorla!  of ~~C.~Cl(~ , }vllcrc KC alid SC are t]lc  }vcip,]lt.

(i



illg  fu]lctio]ls alId  the error  covariailcc lllatrix for colI-
St rained Imralnckrs, rcs]xxtively), all Cstilllatc  of um
f.-crtaiat,y  i]) t}lc forward lnoclcl  equal to ]% of tllc csti-
]Ilatcd racliallce, and an e r r o r  froln tlIc Ullcertaillty  ill
tllc scattering co]IIJ)oIICllt  of tlIc extraneous radiation
equal to  0.751{. ‘1’IIc tcrlns ill tliis sul II arc rcfcrrd

to as tllc ‘ ( r a d i a n c e  lncasurcrocnt covaria]lce,’)  1;,7,,
tlIc  “corlstrairld I)ara]octcr error covariallcc,”  EC, tlIc
“forward Inodc]  error-covariat] cc,” Ijj, aI]d tlic “cx-

trtinccrus  radiallcc crrc)r-covaria] ]cc”, 1’;  ,. ‘J’IIc d i a g o -

nal clr-lncnts of SC, wittl ttlc cxccl)tion  of tc)nlwraturc
at a]ld  I)clow 46111’a, arc the squares of tlIc cstilllatcd
I,rccisiolls froln ‘J’al)lc 1 ; ttlc temperature clc]ocl[ts arc
ttlc squares of L}IC a l)riori errors described ill the l]cxt

sect, io]i, ‘J’]Ic cxt,ra]lcous racliallcc error-covariallce is

al I cstirllatc of its cl]aflllcl-clc])c]lclc~~t  conl])ollcnt  (as-
suIIIcd  to }x7 7,ero ill ttle f o r w a r d  m o d e l )  l)ascd  0]1 an
cxalni]latioll of racliallcc res iduals  ill ou ter  cl]anilc]s
whca viewi]lp; tllc lnmos])llerc. ‘J’]Ic forward IIIodc]

error-covriria]lcc is al) cstill)atc of tllc accuracy of t}lc
radiallcc calculat, ions.

oric ~)rofilc is rct,ricvcd f rom cacl]  lirrll) scan, start-

ill?, wit]]  tllc state vector arid  its covariarlcc set tc)

al] a  ])riori  cstilnatc and i t s  covariarlcc.  ‘1’hc a  l)ri-
c~ri cstilnate for tcln~maturc is a lil!car colnl)illatioll
of tlic UAli S clitnatckrgy and the hTMC tclll})craturcs
wcig}ltcd  illvcrscly by t,llcir  e r r o r  covariallces.  ‘J’]Ic

UAI{S  tclnl)crat~lre clitllatology is lrlont]l al]d  latitude
dc]]clldcrlt alrd  is dcscrit)ccl l)y F’/ctaing  CL al. [1  988].
\Vc usc arl llrtccrtairtty of 20}{ for the lJAli S tclll])er-
at, ui-c clilnatolc)?;y  .aIid arl Nhl<; tcnl~>craturc ullccr-
i,airlty  equal to  twice  that  cstimatecl by Nh4C. Nhf(;
errors dc]mnd  011 IIciglit a~lcl locatic)]l  at IOhl’a and
l,c]ow,  I,ut o]lly  ofl IIcigltt almvc 101)1’a, and a r c  dc-
rivd frorll  co]ll])arisolls with radiosc)]ldcs a]ld  roctict-
SOII(ICS [,S’cl/mZd/Z~J,  1984].  ‘J’]Ic a  l)riori i,a]lgcllt-])c)i]lt
],ressurc i s  ttlc taIlgc]lt-})oiIIt ],rcssure o f  tllc lJrc\’i-

ous tarlgent ~)oirltl  lJlus  tlIc h y d r o s t a t i c  ])rcssllrc dif-
fclcncc usirlg  the  tcln])eraturc l)rofilc  at tllc s t a r t  o f
(IIC hlhlll~. If tllc tallgent-lmillt ~)rcssurc  is tlc)t avai]-
al)lc frol)l  tllc })rcvic)us h!h!llr, tllc]l  tllc ta]lp,clli-])oillt
])rcssurc is cvaluakd usir]g  tlic I[]call  scale IJci.gljt arid
tlIc altitude of tlIc loO-t]l’a surface (cittlcr frol]l  Nhl(~
or clirnatolo.gy). ‘1’hc a  J)riori  tallgc[lt-~)ointl  ])rcssurc
error-covariarlcc is ol)tair~cd  by })rol)agatillg tlic errors
ttlrougl] ttic llydrostatlic’  rclatiol] usirig  ut]certailtiics irl
tcrnl~craturc, a l t i t u d e ,  arid  rcfcrcllcc })rcssure;  c r o s s

corrclat,iorls I)ctwccrl  a  ])riori tarlgcrlt-})oirlt ])rcssures
arc not i]lcludcd ill Vers ion  3 ])roccssirl.g.

3 . 3 .  C a s e  Stlldy of a llctrimd l’rofilc

\Ve study llcrc tl]e l)rofrlc  derived fro]ll  radia]lccs  of
MMAF.number  5’79488,  w]licl] occurred  0 1 1  ]7 Scl]tcm-

l~cr 1992 at 1 0 . O ” N ,  104.601;,  08391J’J,  =1000krn

]Iorth of Singaj)orc.  ‘J’IIc r e t r i e v e d  tc]tll)craturc l)ro-
filc arid  its urlccrtailltics arc sllowrl  irl IJigure  2 .  A l s o
S) IOWII a r c  tllc a l)ric)ri urlccrtai]lties and ttlc diffcr-
crlcc Lctwccr]  tile rctricve(l and tile a  ])riori  ])rc)filcs.
‘]’hc cstirrlatcd uncer ta int ies  arc  rclat ively  const arit

fronl 2 2 1 ] 1 ’ a  to 1 Ill)a cvea  though tllc a l)riori un-
ccrtai]lty illcrcascs urlifor]n]y. “J’llis indicates that ttic

e s t i m a t e d  u[lccrtaillty is dc)]oi]latcd  t)y t,}Ic ]neasurc-
rnent error covariallcc. “J’IIc crrc~r ratio, dcfilicd  as t}lc

cstirnated urlccrtairlty d i v i d e d  I)y tllc a ])riori  urlccr-
tairlty, ]neasllrcs the corltril]~itioll  of ~flJS  irlfor]llatiorl
to the cstirl]atc arid is less t]ta]l 0.5 WIICII h41,S ])ro
vidcs ~llorc tllall 75% of the inforrnatic)]l; t,tlis occurs
froln 22 tc) 0.46111’a. ‘1’lIe retried I)rofilc  dift’crs ]nost
f r o m  tlIc a })rior-i I)rcjfilc at]ovc  4.6 Ill’a, ard sillcc  tile
a  ])riori  tcro])crature Imlow 0.2 hl’a is ])rirllarily Nhl(~
Icrrrl)craturc, ttlis lnay indicate qualitative dif~crellccs
ill lIOW hll,S allct Nh4C v i e w  tllc atrllos~)llcrc.  ‘1’l]is
will tx discussed furtl]cr ill scctiorl 6.

Pigurc 3  s h o w s  the rctricvcct tfi:w)crlt-])oillt  ]Jrcs-
s u r e ,  the cstirrlatcd urlccrtairltics a t  tllc t)cgirlllirlg
and crld o f  cacll  h! hi] F, a]ld ttlc dift’crc])cc  bctwcca
tllc csti]llated al]d  tllc a  p r i o r i  tallgcllt-]mirlt ~)rcs-
sure. Al)ovc  10 1)1’a the rctricvcd tallgcrlt-])oillt ~)rcs-
surc is tllc esiirllatcd tallgcllt-})oilJt ~)rcssurc  after tllc
l a s t  radirillcc f o r  tliat h!hfll; has I,cd]l assi]nitatcd
i]lto  the retrieval, while t~clow 10 hl’a, tawgcat-])oiIlt
])rcssore is riot retrieved directly frc]lll tlIc radiances
t)ut i s  e v a l u a t e d  usiilg IIydrostatic t)alallcc wit}l ttlc
re t r ieved tcrrlj)cratUrc ])rofilc  after t}Ic las t  radiance
has twcll  assirililatccl. lklow 1  Ill)a tllc uIlccrtaillty
i s  Itot  sigrlificar]tly dccrcascd IV assirl~ilatil% racli-

aIIccs  frorl]  tllc currcrlt,  Nlhlllr;  taT]grIlt-~]oirlt  ~)ressurc
is detcrtlli]lcd I)ri]narily from the tarlgc~lt-l)oirlt I)rcs-
sur-c o f  tlIc i~rcvious  hlhlll’ a n d  tllc ~)ressurc  diffcr-

c]tcc  I)etwccrl  h~hflll~s. ])ctwcca 0.04(illl)a  a r i d  1 Ill)a,
tallgcrlt-rmirlt ])ressurc is dctcr]nirlcd  ])rirnarily by the
radiarlccs o f  tllc currerlt ~lhfll~, a s  ilidicatcd by tllc
large cllarlgc ill ullccrtail]ty before a n d  a f t e r  assirili-
latirlg tticse radiances. Al)ovc  0.022 hl’a tlIe  radiarlccs
a r c  IIotl s e n s i t i v e  to tallgcllt-~]oirlt ~)rcssure,  arid  tllc
cstilllatc is lJriltlarily tllc a ~)riori.

‘J’llc II IO(IC1 rcsolutio]) lnatrix ( A  = I)K) cllrrr-
actcrizes tllc sclwitivit,y o f  t}lc rncasllrclllerlt  systcr]l



[Itodgcn,  1990].  lLOWS o f  A  a r e  the avcragi]lg kcr-
IICIS  tlIat cllaractmize s]nootllin.g o f  tllc true s t a t e ,

w]lilc colur IIIIs arc tlIe res]m~lsc of tlIc vector o f  re-

trieved ]mra]llctcrs tc) a  u]lit ]Jcrturbatio~l of cac]i  ind-
ividual  ]mrzilndcr.  OIjtilllally, avcra~illg  kcrllcls arc
6 fullc[, ions, a]]d dcl)arturcs fronl 15 futlc~iolls  s n o w

]IC)W  jM?rt(]rl)atiOllS ill t]l(’ at I1lOS])tlCriC  StELtC arC IlliS-

rc])rcscllkd ill tllc rctricvcd sta te .  l ’ la te  1  SI1OWS tllc

IItodcl  rcsollltiori lnatrix f o r  Vci-sion 3  tm]l]wraturc,

ta]lgcrlt-])oillt J)rcssure, aIJd Imsclitlc ofkt. ‘J’IIc II ICa-

surcrrlmik arc sensitive to tclll]wraturc I]erturl]atiol)s
frolll 2 2 1 ] 1 ’ a  t o  1 111’a but arc IIoticcably degradd
tit ( ) . 4 6  111’tL alId  nave l i t t le  scnsit,ivity to tcllll]cra-
turc al)ovc 0.46 Ill)a. ‘1’l]e scvlsitivity  to tangcllt-~)oillt
l,rcssure is good for h4Mll~  3 tllrougl, hlMll~ 14 (tllc
last h~hfll’ a])ovc  1 0  ]1]’a),  but soIrIc  of  t]lc  tallgclll-
])rcssurc signal colltall]illatcs teln~)craturc cwcflicicllts
alwvc 0.46 lI1)a. hlMll~s 1 a~ld 2 nave allllost Ilc) scl I-

sitivity t o  ta]lgcIlt-]~oint ~)rcssurc,  and tlIc tallgellt-

Imi]lt I)rcwurc sig]lal coIlta]lliIlatcs the  l)asclillc ofkt

atld tcvlljmra~llrc cocflicic~its  al.)ovc 0.1 Ill’a. hfl, S 63
Gllz racliallccs  h a v e  t h e  least scrlsitivity to Lascliilc
ofkct; several of tllc diagonal clclllclits of tllc lnatrix
a rc  s]llallcr tliatl 0.7, ancl tile colltalllillat,ioil  of tell]
])crature l>y I)asclil]c of~sct (ofl~diagollal  cocfliciellts irl
t,llc ~tlodcl rcsolutio~l IIlatrix) is as large as 0.7 for tcllI-
]mratures a})ovc  0.46111’a. ‘J’llcrcforc, a  Lasclille oflkt
of 1 K is cx]wctcd to })roducc  errors c)f arouricl  0.71< ill
tclll])craturcs alwvc 0.46 Ill’a. 1 ]asclilic offset affects
tclll]jcrat.urc l{CIOW 0.46111’a by lCSS thall 0,21{.  IIascd
011 t}lc avcrag]llp; krrncls, use fu l  tc]ll~wraturcs arc  I)rc)-

vidcd l)y t,llc h!l,S  I]lcastlrclnc]its t~etwcml 2 2  1]1’a atld

0 . 4 6  111’a,  a]i(l uscfu] ta]lgmlt-])oi]lt l)rcssurc call  Iw
rctricvcd bctwccvl  10 111’a and 0.1 111’a.

‘J’cllll)eraturc, tarlp;c[lt-])oirlt ])ressurc, allcl ljasclitlc
ofkt arc rctricvcd fro~u tllc sarllc radiances, so rail -
dor LL ullcc)rrclatccl errors in radiatlcc can Icad  to cc)rrc-
lakd errors ill the retrievals of t,llcsc ])arallletcrs. (k)r-
relatiolls I.)ct)wccll cstilllatcd tc]ll~)craturc, tallg,cllt-
]x>illl IJrcssurc, ar)cl l)asclillc  ofl’set errors arc cllarac-
tr>rizcd by :L corrclatio~) IIlatrix  (7’ij ~ Sij /~Sii.Sjj) j
S ] IOWII gra])llica]ly ill l’]atc 2 . ‘J’tlc strongest cor-
t-clatiol)s  a r c  l)rtw’ccII  tllc adjacer]~  tc]ll])craturc co
cflicicllts ( a l w a y s  IIcgativc)  arid  basc]il]e of l ’se t  and
t,:l)lp,crlt,-])c)illt ]Jrcssur-c  l o w e r  ill tl}c stall. ‘J’tlc corrc-

latio]l ICIIF,(]I c)f tl]c tc~n])craturc ])rofile  errors  is  al)
]~roxi]llalc]y  10 kl[l ill tl)c ~llcsosl)llcrc  and clccrcascs  to

7.5k1n  ill tllc IIliclstr:ltosr)llcrc;  this is  cotlsistcljt with
ttlc 111’ll\V of tllc alltclllla.

3 . 5 .  lktricval Qllnlity  IIldicators

‘J’lIc cstilllatcd uliccrtailltics colltairlcd it] tllc Ixw’-
CIS 2 al)d  3 film+ (rcfcrrcd t o  Pxofile-$dev  itl tllc
Sl~l)lJ  clc)c~llilcllt:Ltic]ll) orl tllc CWCII  lJAI{S  l)rcssure
surfaces arc ttlc square roots c)f tile (Iiagollal  clclllclits
o f  tltc mtitllatcd covariallcc  rllatrix, while  tllc esti-
]Ilatcd utlccrt:tirltics ill tllc IJcvcl 3 f i l e s  oll tlIP odd
surfaces  are averages of tllc cstilllatcd ullcertailltics

0]1 tllc adjaccrlt surfaces. \YIIcII tllc error ratio is Icss
tllall 0.5,  tllc quality irlclicator is set llcgativc to flag
situatiorls wllcrc t}lc a I)riori csti]llatc is wciglltcd ilitc)

tllc retr ieval  by Irlorc tlian 2 5 % .
‘J’l]e quality indicators fro]]] a rallg;c of atlliosl)]lcric

collditio}ls  arc llokv cxatllilled to [iddrcss  IIow q u a l i t y
varies wit]l  illstrul!icll~ I]crforlllarlcc a]ld  s t a t e  of tlic
atrllos])helc.  l)]atc 3 snows IIla])s  of cstilllatcd 10 IIl)a
tcllllwraturc 011 1 0 ,  19 Jarluary, and 1 7  ScI)tellll.~cr
1992 (Ilor(llcrll wi]ltcr, soutllcr]l sultllllcr, arid soutll-
crli late-wilitcr). ‘1’])(I grcatcsL  varial)ility is sccrl ill ttlc
llIaI)  011 10 Jarluary 199’2 ,  wllcre  tcllll)craturc varia-
t,iorls arc greater tllarl 80 K, I)rillkarily  at IIigll latitude.
‘]’]Ic ot]]cr ]Ilalx stlow  lllorc ~[lo(lest v a r i a t i o n s ,  l e s s

tllall 20 K allcl I~rir[)arily  dc]wflditlg  011 latitude. IJargc
v a r i a t i o n s  ill tctlll]crature over  srtlall cllall~cs  ill lati-
tude arc cx])cctcd to l)roducc tile .grcatcst errors aris-
itlg frol]l  tllc latit~l[lc-cle]jcllclctlt  lillcarizatiorl  o f  tllc
radiallcc lIIodcl, I)ut  errors associakd wit}l tllc’ slm-
tial rc})rcsc[ltatio~l  of tl)c  atrllos])l]crc (e.g., 1,0S  and
a]ollp,. track ?,raclicrlt,s) are also cx])cc’ted  tO have  all

dfcct }Icrc. Accc)r(li Ilgly, tllc q u a l i t y  o f  L}IC  r e t r i e v e d

tc]l]]mratures  SIIOUI(I k ]xx)rcs~ of] 10  Jalluary. h’car-
ro]ocatcd l)rofilcw arc rctricvcd twice daily, al)l)roxi-
Illatcly 12 ]Iours  a])art frolll alternate sides oftllc c)rl.lit
(ascet,dir,~;  or dcscctidiT,F; latitude), al,d tl)e  cstit,latcd

tcrn]wraturcs  at the c r o s s i n g s  agree to kttcr tllall
5 K  (tllc illtcrval Iwtwccll  co]c)rs),  Cxccl)t clurir)p,  wil)-
tcr at, IIigll Iatitudcs. ‘J’lIe l:irgcr ciifibrcllces  Imt}vccll

colocatcd  IIleasuiv]ticllts  arc l)rol~al)ly  IIot a s s o c i a t e d
}vitl) illcrcascd error  sit)cc  tllcsc error s o u r c e s  would
t)c tllc sa]tlc f o r  citllcr ]Ilctisurclllc]lt l)ut  are ~)rc)lja-
L]y a s s o c i a t e d  }vitll ])ro],aSatillg atrllos~)llcric  distur-
I)allces  c}larlgillp, tllc s ta te  of  tile atltlosl)llrre duritl~
tile 12 ]lours twt}vccrl lllcasuretllc~lts.

‘J’llc estilllatcd ullccrtaitLty  o f  10111’a  tcll]lxraturc
i s  SIIOWI[ irl l’]atc 4 ,  and varies })y less  tllarl  0.31<
r o o t  ][lcali square (rills) over  t}lc glok. 011 10

January 1992, IOlll)a cwtiluatcd  tclnIwraturc  ullccr-
tztitlty  sllo~vs tllc g r e a t e s t  varial)ility, Illostly at Ili?,ll
la t i tudes ,  and is lvcakly  corrclakd wit]] tclllI~craturc.
‘J’lIc Cstilliatcd  ullccrtaintics  dc]mtld  OII  tl]e \vcigllt-

il]g functions arlcl t h e  e r r o r  covariarlcc 1;, kvllicll de-
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IWIICIS  o]] tllc M1,S s c a n , tllc l i n e a r i z a t i o n  tc]n]mra-

ture }>rofilc, t.lic radiamns, a]ld t)Ic radia]]cc  prcci-

siolls. ‘J’llc lincarizatiol) klnperaturc  l)rofrlc  dc])cllds
ol]ly  o]] l a t i t u d e ,  and Lllc raclia[tcc I]rccisiolt  is noll)i-
II ILlly C.c)llst  ant,.  Of tllc quant i t ies  affecting estilnatccl
llilccrtaitlty, vrtriatiolls in racliancc and reference scarl
altitude arc ex]xxtecl to produce the variations iri url-
r-crtairlty seen in l’late 4.

‘J’)Ic cstirnatcd uncertairltim  do  not dc})crlcl orl t h e
lCVCI of closure hctwccn  nlcasurcc] arid cst,irnated ra-

diarlccs; tllcrcforc J)rofiles  derived froln rarliances no t
ar-curakly lilc)dclcd  can have smal l  cstimatccl  urlcer-
tairlties, eve]) tllollgll tihc p r o f i l e s  thernsclvcs  h a v e

])oor  quality. ‘lo address  tile issue of radiarlcc  clo-
sure, X2 is I)roviclccl as  a  d iagnost ic  in  tllc Ijevcl  2

Ollt]lut  film+; ~z is ddirlcd a s

(4)

wliere  N is  tl]c IIulnlmr  of clc?;recs of frccdorll, llolni-
rlally 244 (tllc rlullll)cr of radiarlccs lnirlus the IIurnl)cr
of  re t r ieved ljara~netcrs for each hiM  AII’) and (i is
I]IC radiarlce residual e r r o r .  ‘J’hc radiallcc residual er-
ror is arl indclwrlderlt esti]natc of t}lc variarlcc of tllc
radiance rcsirlua] clistril]utiol]  ancl for  a  l)crfcct l~lea-
surelneltt, Irloclcl e q u a l s  tlic radiallcc J)rccisior]. ‘J’lIe

radiaricw  rcsidua] error is ar] accurate cstirnate of tlIe

variarlcc oftllc radiarlcc residual distrit~utioll  wlIc]I X2
is around 1. ‘J’yl)ically,  X2 is arollrld 200 for a ra~liarlce
r e s i d u a l  error equal to tlIc radiarlcc ])recisio]i (used irl
Vcrsic)n 3 ~)roccssillg);  t h i s  irnl)lics Lttat racliarice  ])rc-
cisiorl is riot a  g o o d  mtilllatc of tlIc v a r i a b i l i t y  o f  tlie

r e s i d u a l s .

hla}~s of~z are sliow])  irl l’late 5 for the satllc days
as ill ]’latcs 3 and 4. l’;rrors  ill tllc lncasurclnr?;  lt lnodcl
are cx])cctcd to I)C Illiccmrclatcd  w i t h  radia rice rllca  -
sllrcrllcllt  ~]rccision, and residuals irl Lllc wing  cllarlnell
wllicll  llavc  tltc lowest, r)oisc,  dol)lir]ate X2. ‘J’lic wiri. g
cl]arlrlcls  are ]Ilost swrlsitive  to tcrn~wraturcs  at 10111’a
al]d 2’Ylll)a, and tllcrcforc Corrclatiotl.  $ }mtwcerl atrllo
s])lleric  s t r u c t u r e  arid  X2 shoulcl  t)c ]]10s( si~rlificarlt

a t  tllc’sc lCWIS;  # varies  by IIlorc  tllau a factor of 5

o v e r  tllc lna}~ (collsidcrahly Inorc tllarl tllc cstirnatcd
urlccrilairlty) arid  snows SOIIIC correlations with atrllo
sJ)lleric  s(,ructllrc. Vnriatiol)s irl estimated ullccrtairlty

arc gctlcrally  weak and ullrclatC~l  to X2; tllcrCforC Cs
tiillatcd Urlccrlilirlly i s  ])rol.~ai}ly  ~lot a  usrful irldica-
tor of quality, lligll values of X2 arc corrclalcd with
wariit tclnlwratr]rcs  at l]igh  l a t i t u d e s  durirlg wirlter

(e.g., 01! 10 J a n u a r y ,  ILorth of 60°N  llcar 30°1; ar]d
01) 17 Scljtcrtllwr south o f  70°  S  near 150°1t)  hut are

not correlated wit]l  higli  tcrnlwraturcs ill sull]lncr Iligll
latitr]dcs 011 1!) .Jailuary.

‘1’lle radiallcr?  residuals Illost likely arise from errors
it! tlic Ilieasurcrllcl]t l)]odcl  sllcl I as IIurtlerical a]>])rox-
ilnatic)lls ill tl)c racliallcc calculations (e. g., rnodcl  lirv
carizatio]l), itlaccuracy i~i irls~rultlcllt model cm s]wc-
troscol)ic I)ararnctcrsj cc)ars?llcss  ill tile sIJatial rc])-

rcseritatiorl of t}lc atrrios])]lerc (e. g., 1,0S  artd  a]oitg’;-
track gradicrits), o r  an overly corlstrainillg a  I)riori
state, l{csiduals associa ted wit])  errors irl I,l)c il)strw

rncrlt  IJIOCICI o r  s~)cctrc]sco])ic  I]ararnctcrs a r c  not cx-
])cctccl  to be sl)atially correlated ar]d will l)c discussed
ill tllc fc)llcnvillp;  scctioll.  ~ollccrnirlg errors  assc)ciatccl
~vitll II)odcl lirlcarizatiorl, f o r  tllc Jallllary anol[laly,

ttic lirlearizatiorl statf tcr]]J)eraturc a t  IOlll)a IIort,ll
of 60° N is 203 1{, wllicli  is a]] IJroxitllatcly  601{ colder
thari tile warlllc$t r e t r i e v e d  tern] mratrlrcs,  al]d  f o r
ScIJtcll\l)er tllc corrcs])c)rldirlg  lincarizatio~l  tellllwra-
ture of 2’28 K is al)])roxirllately  15 K c o l d e r ,  S o  lit]-
carization errors could l)c ollc  sc)urcc  o f  large  resid-
uals. llowcver, I)otll  rc~ic)lls  o f  e l e v a t e d  # arc not
cc]ltcrd 011 tllc warllncst telllI)crat~lr~’s  t)~lt are loc;l~e[l
Illore  c l o s e l y  to w]lcre llorizorltal  tellllwraturc Sradi-
c)lts arc  largest  (cs~wcially  o]] 10 Jarluary). liesida-
als a s s o c i a t e d  witli lIIC sl)atial re~)rcsetltatioll arc cx-
I)cctccl to l)c largest  a t  }Iigll  latilrldc durirlg;  tllc will-
tcr, arlcl t]lc largest,  X2 values arc lvllcre tllf? 1 , O S  i s

d i r e c t e d  alorlg  tllc IIorimrlt, al tern) )crat[rre p,radierlt.
llowwcr, diflkrcrlrcs Iwtwcerl  tllc cstirnated a)lcl tile
lirlcarizatiofl tcrlll~cratltrc are largcsi IIere,  arid ]Ioll-
lirlcarity i s  a l s o  exIwctcd tc) l)C large. Pirlally. tllC
atrnos})l)crc  cllarlgcs ral)iclly  iri this rcgiolt  c]uril]g  th is
]wriod, arlcl Sirlcc tile a priori telll]maturc is ~)ritnar-
ily tllc d a i l y  Nhl C; arlalysis,  diffkrellccs I)etwecrl  tlic
cstirnated arid  tllc a ])riori  state arc large.

‘J’l Ic corrc]atiorl ]nat,rix ar[lorlg yq, lJOS terlll)cra-
t,rlre ~;radicrlt,  diflcrcllce }wtwecll  cstirllatcd and lin-
Carizatiotl klll~mratures, arid  difl’crcrlcc  l)ctwwvl  rsti -

rltakd arid  a  j)riori tcll)Imratrlrcs l)rovidcs soll]c  itl -
dicatiorl  of tllc r e l a t i v e  iln])ortarlcc of tllcsc e r r o r
sources. LJsillg l)rofilcs  frotrl  1 0  Jar)uar)r wllerr X2 i s

greater  tllall 250,  the lnatrix

1 . 0 0  0.75  0..57 0 . 4 8
0 . 7 5  1 . 0 0  0 . 3 7  0 , 4 1
0.57  0,37  1.00 0.06  “
0.48 0.41 0.06 1.00

snows  tllc corrclatiorls at 10 1)1’a arrlo]lp, (t’rolll left to

rip,llt,  to])  to hottorll)  (1) A21 (2) tllc 1,0S tcrlllwra -
tllre gradicllt squared (evaluated froth Nhl~  tctrllwr-

aturcs),  (3) tllc squared diffcrcllcc ~)~twccrl estirllat~d



aIId l i n e a r i z a t i o n  tctnljcraturc%, aTld (4)  tllc squared
difli~rcljcc  lxtwccll cstilllatcd and Nhl~ tctlll)craturcs,
‘J’IIc strongcw~ c o r r e l a t i o n s  are tmtwcc~l X2 aIIcf tllc
1,OS tcln~jcra(rlrc  g r a d i e n t ;  and ttic weakest are k-
twccII ttlc twc) tctIll~craturc CIiflcrcllces  and bctwccil
(IIC 1 , O S  tctl]}wraturc gradicllt al]cl tllc tc]tliwraturc
cliflkrcllces.  ‘J’ltc w e a k  corrclatiorl Lrctwcc)] lJOS  F;ra-
dicllts slid tcvll~wraturc diflcrcllccs  lncalis that corrc-
Iat,ions  wit]l  X2 and tlic otllcr tllrcc f ields arc largely

il]dc}wlldel]t.  ‘1’hc stro~lgcst correlation sagg,csts t]lat
lJOS graclicllts are a likely source of hi,gl] X2, and 11011

Iillcarity rrlld a  I)riori  collstrairlts arc a l s o  ~wtc~itial
soarccs, altllougli  weaker.

l’lak G S]IOWS tllc tilnc series of zo]lally avcrap,cd
X2 daring t,hc f i r s t  2  years of  MI,S  o[m-atioll; ,y:’ is
gcllcral]y twtwccll  1 0 0  and 2 0 0  at all tilncs aIIcl lias
its sl]lallw+t  wrlucs  ~lcar L]IC equator and iIl tllc sutlllller
IIclllis])ltcrc. A t  t h e s e  locatic)lls tllo  tllcr]llal state o f
tllc atlllosl)llcrc is weakly til[lc dcl)cndcllt and llc)lllc~-
gcllcous, arid  radiallcc r e s i d u a l s  arisirlg bccausc t}te
r e t r i e v a l  i s  o v e r  constrai]lcd to t]lc  a ]Jriori,  L]lc ra-
diallcc lllodcl lillcarizatio~l  i s  a  ])oor  a])~)rc)xilllatic)ll,
o r  tllc s]jatial rq)rcsclltatiol] of tlte atl[los})llcrc is too
c o a r s e ,  are exl)cctcd to be slnallcst. ‘1’]lcrc is a tcil-
dcllcy for X2 to }W srilallcr ill tllc Inidcllcc)f  ytiw ])criods
and [his il}dicatcs t h a t  tllc stat] ility of tllc lllcasurc-
ll)ellt  II IOCIC1 varies wit.]) tllc yaw cycle, Y,olial averages
o f  wi[lkr ~iigli-]atitude X2 v a r y  raI~idly  011 tiIJIrxalcs

of a fcw days, and fluctluatio]ls are ~)rcjt)at)ly associ-
ated with ]mlar vortex varial)ility. IIigllcr X2 at Willtcr
l,ip;ll liititrldcs arc })rol)zil]ly associated with errors ill
t,l]c Ii]casurcillclltl ]llodcl  and suggest  that tc]lllwra-
tarrs durillp;  tllcsc titltcs al[d  locatio]ts lJ)ay lw o f  a
}morcr  quality. Variatiolis ill estil[latcd u]lccrtai)lly
(cf. l’late 4) arc solnctilnes associated with variations
ill X2, I)lIL ill F,elleral,  cstilllatcxl  ullccrtaillty i s  ]Iot a
rclial)le indicator of quality. l)astly, wllilc X2 is a lllca-
sarc of closure ljctwccll ~[icasurcd  altd ]nodclcd radi -
allccs, its rclatiol]  tc) retrieved tcln Iwraturc quality or
Illlcertaillty is ]Iot  Cvidcllt.

3 . 6 .  l{ctr.icval Si]l)lllntio]] 11.cslllts

l{ CtricVillS  froln radiarlces gcllcrated froln a II IOdC]

atr]los[)lIcrc,  wlierc tlm ‘true’ state of  t)Je at]nos)]llcrc
is kIIOW II, ])rovide  a ilscfi)l  tool for a]lalyzillg  e r r o r
sourccx+ ill ttlc lnrasllrc~llcllt  systcrll. 111 a  ty}]ical  01)
scrvatiol) II Iodc,  hll, S is ‘flow JI’ crvcr tile ]] IOCICI  atlil(~
s])llcrc alId I]mfilcs of tc[li]wratrlrc and La Ilp;c  Ilt-]willt

])rcssurc arc sai[l[]ld frollt tltc Iftodcl  alollp, tllc MJ)S
tallgelit t r a c k  usir]g  silnu]atd scan squcIIces; a ra!l-

dOIII ]llcasurclI]c]lt ]Ioisc  is added for cstilllatillg ~)rc-

cisioll. ‘1’tIesc sylltlic[ic locasurclucllts  a r c  I,roccsscd
ttlroug]l (}IC l)roccssillg software to 8cllCratC  Cstilllatrcl
]~ziralllctcrs;  avcra?,c  and r]lls diflircllces frolll  Illc)dcl

I)ararnctcrs }Jr-oviclc cstirllatcs of retrieval t~iascs and
crrc)rs.  ‘J’]lc forward  IIIOCIC]  used to gcllcratc t]ie  syrl-

Lllei,ic radi[illccs lias IIot Iwcll liricarizccl,  zir[cl atiy  rc-
tricwal  crrc)rs  i]ltroduccd frc)lli Vcrsioll  3 I)roccssing
forward rllo(lcl  lillcarizatioll a r c  J)rcscrlt  irl tile silll-  ,
ula Lcd r e s u l t s .  lrl addition,  e r r o r s  arisirlg frorll  tile

a ~)riori  state arid srnootl]irlp;  ill tl]c  a v e r a g i n g ,  kcr-

nc]s  arc ca~)turcd ill tl~c sitnu]atic)ns, bat errors  in t]lc
II]casurclllcllt  Itiodcl arisill?;  froln slmtial rcsolutiorl,
slwctrosco})y,  and illstrulllcrlta] I i  Iodc] arc not.

‘J’lIc ]IIodcl atrllosl)llcrc used ill t h i s  sirllulatioli

i s  tllc rctricvcd s t a t e  f o r  27 S(~j)tctlllx’r 1992, and
SII1OOLIICC1  almve 0 . 4  111’a t o  reclucc  rloisc.  ‘1’hc tclm
l)cratllrc field at 10 lil’a is cquivalc)tt  to tllc tcr]j]]rra-
turcs slIowrI ill l ’ l a t e  3. ‘J’crt)])crfitilre  errors rcsilltillg
frolll tllc r e t r i e v a l  zirc SlIOIYII  irl l~ip,ure ‘7. ‘1’IIc er-
rors are c,]) avcrap;e  less  t}lall 1 K, altlloug;h  difFercllccs

arc strorlp,ly  corre la ted  wi th  Iourtiorl, sucl  I as tllc 2-
3 K I)c)sitivc  bias IIcar  55°S, J{15°1’;  ; ,yq, also sllowrl  irl
l’late 7, is usilally  less tl]arl 5 allcl IIas larger v a l u e s
IIcar  80° S, 17’5°1; like tllc actual 27 %])tcrlllwr  1 9 9 2
data,

‘J’llc factor of 60 diflkrcllcc ill 1? Ixiwccll real  and
sirllulakl  (Iata ])rovides  strong cvidcllcc that all error
ill tl)c  lllea+urclllcllt  lI1odcl is rcs~)ollsil)lc  for tllc larp,e
X2 val Lies; X2 i s  corlsidcratjly  larger at lligll  ]atitucle
alld is so]llcnv]lat  corre la ted wit}l Lctltrwratare  ar]ccr-
taillty. ‘1’llis is ])rohahly rcsultirlgeitller frc)lllllorlliTl-
carity or frc)~ll  }>iascs fro]]] tllc a ]Jriori,  since 1,0S  gra-
dielits arc hoi ])rcsc]lt  ill tllc sitllul:itioll. III scctioll 6,
hll,S tcrlllwraturcs  aresllo~vll tc)tw =21{ c o l d e r  t}lrill

Nhf~terlll)crat (lrcsill t}lclllic~str:~  tc)s~]]tcrc. $iirlcct])e
]rlc)dcl atrllosl)llcr(! is tllc hlltS estitllatcd field, it also
is  colder  tllall tllc a l)riori stnte, and it is likely tll~ll

ttiel)c)siti~’ct~ias:it 101)l’a  iscc~l)]illg  fr(~tll  tllca])ric~ri
state.

]Jigurc 4 slIo\Ys ])rc)film of  glol)al a v e r a g e s  o f  tllc

diflercllcc lwtwcrt] tl]e  rwtirllated and rllodcl  trloimr -
atarcs, r]lls cstilllatrd urlccrtailltics, and t]lc  rflls  dif-
fcrc]lccs f o r  tllc sililulatioll. IIiascs arid  accuracicx i])
tllc estirllatcd tclll])erature  arisirlg frorl]  tllc r e t r i e v a l
al?,orit}llll  (i. e., sources otllcr tll:tll  Cr[ors  ill til C ~llCa-
surclllcrlt ]Jiodel)  arc csti]]latcd I)y tllc a v e r a g e  and

. .
rills (llflcrc[lccs, ‘J’ltc :l~crtt?,ill?,kcrtlcls (1’lak 1) sllcw
that ilf I<S rllc:is~lrcllletltsarc sctlsi~ivc  to terllr}cratrlrc
t,ctwcc]l 22 altd 0.46111’a,  alId ~vitllill t h i s  rallgc, rills
clifikrellccs  arc gcrlcrally less  tlIa II 1 K arid tllc avcr-
aF;c diflelcrlcm  at-c less tlla))  ( ) ,51<.  ‘J’cr]lJ)cratllrc  at
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().461~1’a ]Ias sigllificant]y poorer agrc!c]ncmt,  Iilostly  ill
tllc forlll of a n;gativc I)ias;  the avcra.girlg  kcrllcls illdi-
cak that RII,S  has less scnsitlivity  here  tl)att t)ctw’ccl)
1 and 22111’rr. ‘1’hc cstilnatcd ur!certainty is considcr-
aljly larger than t,llc r~ns diffcrcnlcc  ill t h e  silnulatiolls
all{l ar ises  I)ccausc tl]c error covariancc ir]cludcs error
sources attrii)utcxl to the Incasurcmcrlt Inodcl  that arc
irlm])t ill Illc sitllulatioll.

4 .  l{adiancws

l]! tllisscctioa t,lic racliarices, thcrcsiduals lxlwecll

Illcasurcxl  al]cl c a l c u l a t e d  ra(liallccs, allcl Ll)c raclialtcc
wci~,lltillg  fa~lctiolw  arc cxalllilled to adclress  wliy  X2
associatc(l  witfl r e t r i e v a l s  froln Incasared radiattces
are significantly l a r g e r  Lllall t}lose  fro]n  silliulatiori.
Sillllllate(lr  acliallccsallcl tllcirracliallce rcsicltlalsfrolll
rel)ricvals  a r c  s]]owli  ill tllc first sulxectiorl. ‘J’ltc scc-
OIId sulmctiol) dcscrilm a si][lilar trcat]tlc]lt for ]nca-
surd r a d i a n c e s  al)d  slIowrs tlIat tlic slmtral sig,  ]i?b
(urcs i]) tllc radi:i)lcc  r e s i d u a l s  a r c  not, duj)licatcd i])
tlic si]l)ulatio]l.  ‘1’lIe t h i r d  sutwwtio]l  ])rescllts tlIc

slwtral sig]latr]rcs of retrieved l)aralnckrs and slIows
tlIat tllc difl’crcllccs  ill nlcasurecl and sirllulatcxl  radi-
ance res iduals  cannot tw rcJ)rcsclltccl  as salns of tllc
s]wctral s ignatures  of  rctricwcd J)ararnekrs. 111  tllc

fiIIal sulmcticm t h e  s~mctral  sip;aaturcs  ofsoInc IJlca-
sarc)l]cllt systcln j)arall]ctcrs a r c  s} Iow II, and lJotcll-

tially il]accarak OIICS  arc idc]ltificd.

4 . 1 .  lksidllnls Vr”oln Simulatio]l

‘1’lle quality of all individual retrieval and tlic siS-
Ilificallcc  of tllc radiallcc ])rccisio]l  caIl be addmsd
I)y cxalnillillp, the r a d i a n c e s  frotn a si[lp;lc stall, ir[
ll)is casr tllc seal I cxalni]lcd  ill tllc }jrrvious scclio~l
(MMAF.n,~mber  ~79488).  ‘J’]lcracli:,,] ccs, i,)tcr[,c~]atccl

t o  1 ,  2 ,  and 10111’a,  arc s h o w n  ill l:i?;urc  5. ‘J’llc’
radiarlces arc ajj])rcxir!latcly sylnlllctric aroul]cl  i}Ic

Iitlccctltcrs and tile asyllllllctryl)ct~vccll corres]mllcl-

illg cllalltlcls  (e.g., 1  allcl 15, 2  alId  14) a r i s e s  fror[[
1~()[)  ]i,]es  all[l atlllos])]lcric lillcs o u t s i d e  tllC filter

lmIIk l]alldl)ass. l~igure  6 SIIOWS tl}e radiatlcc rcsid-
Ilals  and ~)rccisions  f o r  tllc salnc stall. ‘1’hc rcsida -
als arc sy~nl)]dric arolllld l)alld  cclltcr and have dis-
ccrllil)lc s]wctral sip,llaturcs.  ~Jtlallllcls  6  aJId 10 sal~].
rate arolllld 1 111’a  at]d  therefore tllcrcsiduals ill tlIcsc
cllantwls  arc a])])rwxil[]atcly  illdc]xvldcllt o f  tarlgclJt-
Iminl, ]Jressurc lKIOW 1111’a.  ‘J’llc will!,  cllallllcls  have
si~llificalltly  l)cttcr ])rccisiolls, yet, residuals ]Iavc colli-
I,ar:il)le alitj]litllclesilt a l l  cltanJlels. ‘J’llcrcfore  cvcll  ill
sillllllatioll< radiallcc lloisc i s  II IIICII sltlaller tllall tllc

residuals.

‘1’lic s])atial distril)utioll o f  X2 sholvs  strong s])a-
tia] ccmrclatiolls, arid  tllc lics[ groul) o f  fi?;arcs  SIIOWIS
whic]l  radia]lccs a r c  [)rilnarily resl)ollsil)lc f o r  large
r e s i d u a l s .  ‘J’l Ic radiances arc il)tcr~)olated to cvetlty

st)accd logtat!gr’ltt-  [>c~itltl )ressllrcs and latitlldcsa]o~lg
tllc c~rl~ii t r a c k  t o  gpm-atc ‘1,3A I,’ racliailccs, and
r e s i d u a l s  a r c  c a l c u l a t e d  frolti tllcse griddcd fields.
Zollal  averages a r c  SIIOWII ill l~igur-c 7  at 10° N  and
60° S. ‘1’llc lar~,cst  r e s i d u a l s  a t  1 0  ]11’a occar ill tllc
will?; and cclltcrlnost,  clianhcls  and arc IarF,cr f o r  tile
IIigli-laiitudc sca[ts; ,yZ i s  ~)articular]y swnsitivc  t o
r e s i d u a l s  ill l,}Ic lvillg  chall~lcls  wllic]l  IIavc tl]e best
]Jrrcisioll, al)cl v:triatiolls ill ~:’ arc ~)ril[iarily  duo t o
v{iriatio]ls  ill radiarlcc rcsic]aals ill tl~c lniddlc al]d
l o w e r  stratosl)llerc ill tllc outcrlllost cllallilcls. lJiF,-
urc 8 sllowsa Sclcctio]l  c) fraclialtce rcsi(l~lalsat IOlil’a
alotls tl)c 10°hT  and 60°,S I)arallc]s. \Vllilc IJiost  o f  t)]c
residuals arc 1 J< or less,  large residuals occasionally
c)ccur a t  IIi?,li latituclr (such  a s  at 60°S, 18001;)  atld
cx~)laia  Inc)st o f  tl[c  variatliorl  irl tlw zol)al  TJIcan. lr]
sa]lllllary, Iarp,(! variatiolm irl  X2 are ])rit Ilarily itldica-

tivc of lack of radiance closure iil tl)c wing cllallllcls
toward tllc Iwttolli of tllc r e t r i e v a l  raltp,c.

4 . 2 .  lksidllals I+oln  Mcasul’c!lncllts

‘1’llc Itcxt  set of fi!; urcs s n o w s  Incasurwl  radiaacm

and ra(liarlcc r e s i d u a l s .  Figure 9 is allalop;olrsto  Fip;-
\rrc 5 arl(l SI)OWS tile radiarlccs f o r  t,llc study hlMAlr.
‘J’]lclncasllrcd  all[lsiill~r]atcc]r  acliarlccs] la~’ct]lcsalr~c

ovc’ralt s t ructure , I,ot the radiartcc rcsic]aals (l~ig-
urcs 6 allcl 1 0 )  a r c  a])])rcmilllately 5 6 titncs lar~er
fort llclrleas(lrcrl lerltsarl(l have aslwctra]  ~,attcrll a})
scllt ill tllc silnulatiolls, Sirllilar  l)attcrlls a r e  secll  it)
tile zol, ally averaged  r e s i d u a l s  (1’i~;arc 11) at IO” N
arid  60° S ,  irr]])lyillg  tl]at tile lar~,c rcsidaals a r c  sys-
Lclllatic. ‘1’llc ])attcrll of tllc r:idiartcc residuals, lllea-
surcd Iy tllc cliflkrcrlcc  ill rcsidtlal lwttvcctl  acljaccllt
cllarlrlclsor sylllr]lctriccliallrlcls (c. ~,., cllanncls  15 and
1) ,  i s  a])proxilllately illc{e]wltderlt  o f  l a t i t u d e .  Fig-
ure 12 SIIOIVS  rfidiarlrc rcsidllals at 10111’a f o r  illdi  -
vidaal griddcd  scarls o]! t,l)e 10° N ar id  60° S Iat, itrldc
c i r c l e s .  rl)ll]])arisoris wit]l  corrcs}mlldirlg sirrlulatioti

residuals (}:ig; are 8) su,e,gcst t h a t  lncasurecl residuals
c?ill Iw reI]rcserltcd as tllc SUI1] o f  a <,lol)ally  avcra~;cd
rcsidllal ])lus  ])crtrlrl)a{iolls. ‘J’llc ]mrturl)atio]]  rcsidw
a]s llavc lnarly similarities to tllc sirtlulatio]l  rcsi(lua]s;
tllcy arc aJ)]jroxilllatcly  sylIll])ciric arourl[l t~arld ccll-
tcr arid  IIavc a])]) roxilnatc]y tl)e sarllc dcviatiorl, al-
tllcrllglt  l’:llllcs  forcc)rrcs])ollcl  illg stalls arcl]ot cquiva-
lc[lt. ‘1’IIc glc)l~ally a~’cragrcl residual isa]~t)roxilrlatcly
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tlIc 10° N  zo]tally averaged  rcsiclua]  atld lias a stro~tg
ailtisy~[llllctric (arc)ulld  Lra[lcl cclltcr) slwctral signat-
ure JIot ])rescrtt irt tllc s’irllulatiolls, It i s  [)rol)at)ly
callscd by ati error iri t,tlc I1]casllrcrllc]lt  lJICK]C], all~] t,],~
fo]lowi))p, sulwcctio~ls  idclltify I,ot,cfltial  errors. l)iJlcr-
ctlccs irl ~:’ bctwce[l lLicasure~llci\Ls  a]id  silllulat,iolls
arc associated wit))  a large globally aver.q;ed rrxicl-
ual ill tllc I]]c’ttsllrcll]clits,  allcl altlloug; ll }KItll lllcasurc-
lIICII( a])d silnu]atioll ilavc co~ll]mrablc  rcsidua] dcvi+
tioll, tlIc cross t,crlll  ill ttlc squared rcsiclual accounts
for tl)c .grcatcr variations ill X2 for lt)casarclllcllts.

4 . 3 .  Sl)cctral Sigllaturc  of ltd,ricvc!cl 1’aIaIIIC.
t(!ls

‘J’]lis silt.)scctic,ll cxalllitlcs ttlc s~lcctral  si~,~laturcs  of

rctricvcd ]xirarlJctcrs  i~l order to s]iow t h a t  t h e  radi-
artcc  rcsiclua]s arc Ilot  e a s i l y  fit by rcasollat)lc  values
o f  attlios])llcric ~)aralllck,rs. F i g u r e s  13, 14, and 15

SIIOW tllc sJ)cc Lral s i g n a t u r e s  fc)r lwrturl~atic>]ls  i])
tlirl:,(]lt-l,r)i]lt  ])rcssure, tctli]>eratllre,  and 1,{)S veloc-
ity.  ‘1’llc rcsjmllsc to a  100-111  of[kct irl tallgcrJL-})oitlt
])ressarc is a syllllllctric Iwozrdc]lillg  of  tllc clnissioll.
‘Ikll)})crat,rlrc  j)crt,url)atio~ls a l s o  I)rocluce  syl[iIlictric
s] ~cct ra]  feat u rcs, and wllilc 1,(),S velocity IIas a weak
alltisyllliilct,ric s]wctral sigllatl)rc, a vc]ocitv ,grca[,  cr
t IIal) IO(J klJ]/s (wllicll is ulli-calistic)  is needed to ]>rc)-
(Illcc  a 4 K sJ)cctral diffcrcllce across  tllc filter l)alik
}Kllld]Hws. 111 salllll]ary, Lllc slwctra] r e s i d u a l s  otv
SC IVCCI  ill Illcasilrclilclits caltl)ot I)c rcJJrcsclltccl  wit]l
J)crturt)atiolls to tlic at,lJlosJ)llcric  s(atc,

‘J’JIc l)ossit)ilit,y  tlla(,  ol)scrl,ccl  radiallcc rcsiclua]s arc
])roduced I-)y illstrulilcllt IIIOCIC]  e r r o r s  i s  cxl)lored itl
this scc(, iol]. ‘J’]tc t]lrc,c largest sources arc errors ill

racliollletric ~aill , alltcll~]a  FOV, and sidcljatld  r a t i o .
hkrors ill tl)c accurticy oftllc radioll)ctric gaili (ll~ostly
losses it) tl)c oJ)tical lHLtlI in frc,~lt of tllc switcllillg,  Jllir-

rc’r) J)~oclllcc ra~~iallc~ J’csiduak+ ])rolwr~io]la]  t o  t h e
IIlcasarccl r a d i a n c e  al)d  JIavc sylnlllctric sJ)cct, ral  siF,-
tlaturcs sirlcc  tllc radiatlccs a r c  sy)nlllciric. Pi?,urc  16
sl)o}ys tllc sl)cc  Lral sip,llaturc  of  a 3(X) clccrcasc  ill tlIc

widt]l oftl]e alltclllla IQV. Alt,llougll  racliallcc rcsidu-
1’ f:1 s o t,lle order of 1 K arc collsistclit w,it,]l t,}lc accuracy

o f  tllc aliLcrllla  IX)V  ]mttcr]], tlIc  s}mctral  SIO]WS a r c
Illost]y sy~ll]nctric. 11] sullllllary, errors ill radio] llctric
gain, o r  a]ltcl)l]a FOV, C1O Itot proclacc alltisyllllllct,-
ric slmctral sig; tlatures and calillot c a u s e  tlIc olx+crvcd
llicasurc]llcIlt radiallcc rwsiduals,

Sidclxll]d ra t io  var ies  sltlootltly f rom cllalll)cl  to

Cllaflllcl,  and errors ill s ideband ra t io  arc  cxlwctccl
to l)c strorlgly corrclatccl l~ctwccil adjaccllt cllallllcls,
l:igurc 17 sl)ows  tllc Ilolllillal sidcl)alld r a t i o ,  tl)c
radiatlce corltril)utiol[  frolll  cacti  sidcl)allcl,  a u d  tlIc
sl)cctral si~,llaturc of a I(J(X) i]lcreasc itl sidcl.)at[[l r a -
t i o  a c r o s s  tllc filter l)arlk.  l’}rrors itl sidcl~a]lcl r a t i o
]~roducc  e r r o r s  ill radiarlce oIIly wlicfl tllc racliallcc
colltrit)utiorls  frolll  tllc t w o  sidckrlds  are uijcqual,
l’i~,urc 1 7  SIIOWS tltc radiallcc colltriljutcd froth  cac]l
sidckilld for  t,llc study hlhl AIP of t,][c sifllll]aticjll  at-
lilos~)llcrc.  ‘J’llc radia]tcc crrc)r is equal to tllc ])roduct
o f  tllc diflirc]lcc ill radiallcc colltrit)utio]ls  froll~ cacll
sidcbatl(l til[lcs ttlc error ii) sidct)atlcl  ratio. ‘J’lJc cllarl -
Itcl dc]wIIdcf Icc o f  e r r o r s  ill sidct)atid ratio is utlc]cr
l~lvcstig,atioll,  hut a 109+ error ])ro(luccs  aII atitisyln-

lr]ctric SJ)C’C’t  J’i{l sig]latui-c  of aI)J)rc)xil]tatcly  ttlc r i g h t
size and s]lal)c  ill tllc outer c]lallllc]s,

ori tlIc  I,asis of o u r  aflalysis of radiatlcc resid~l:tls
aIId s}wct,  ral  sip,l~atures  of lIIodcl  Imralllctcrs afl(l irl -
strll[llc]lt,  calil)ratic)ll J)ararrlcters, wc cal I t!lakc  sc~rcral

asscrtio]ls Collccrllirlp; tllc large  X2 WI IUCS.  l,arp,e  ,yz
is associakd witl[  alltisylflrlletric sJ]cctral r e s i d u a l s ,
w’llicll  a r c  IIlost  likely  ])roduccd t)y errors it! tllc sidc-
lMIId r:itio ascd ill Vcrsic)lt 3 I,roccssilt~,.  Arltisyllilllct-
r ic  sJ)cctral res iduals  catlllot t]c rc])rcsetttcd as a su-
J) Cr])OSitiOll o f  ])crturbatio]ls to rc’trievcd  ~)aratrlctcrs
(Ivl,icli  arc sy]r,l[lctric) al,d therefore col,trit>,ltiol]s to
~z arising frc)~n alltisy~[trllctric slwclral r e s i d u a l s  arc
rtot cxJ)cctccl  to corrc]atc, wittl  er rors  irt rctricvcct  j)a-
ralilctcrs. ‘J’l\c sy!l~liictric coltllmlcllt ill tlic si)rlulatcd
radiarlcc residual is cxJ)cctccl  to corrclatc witl~ errors
ill r e t r i e v e d  Jmralncters, arlcl ttlc J)rcscrlcc  of a SyJII-
IIlctric residual J)ossil~ly i[ldicatcs t]lat tllc st,atc vcctcm
i s  overly  col)strai[lccl. I,astly, ~ 2 is doiliillatcd by aJI

arltisylllrllctric residual, afld it is likely  that ~? is or]]y
a IIlargirlally uscf~d dia~tlostic  of retrieved ]jararllctcr
quality, l)ut variations ill X2 a r c  J)rolxtl)ly  irldicative
of cl Ifir Igcs it! tllc quality of gcoJ)llysical  ])arallictcrs,
csl)ccially irl tile lliiclstr:ltos~j}lcrc,

‘]’]lc rctricvcd J)rofi]c c’atl be rcJ)rcsclltcc]  as t]le  surtt
o f  tllc real ])rofile  ]JIUS error tcr]lls. l~ollowi]lg tllc for-
Illalislll of l{odggcls [1 {)90), tl(c  solution error covari-
:Illcc call  I)c dccollIl)oscd  itito (1 ) a co]ltril)utioll  fro]ll
IItcasurclllcl)t  IIoisc



(2)  s,,,ootl,il,g error arisi,]g froln failure of tl,c aver-

aging Iicrllcls to rcl)roducc t]lc true sf,atc,

S,q = (A - l) S(A - l)y’ , (6)

. .
and (3) T]]odcl l)ara~lldcr crmrs arlslllg frolll  irlaccura-
cics It] illstrun]entl  cllaractcri zaticul, s~mctroscoI)ic  ]J:i-
ralllctcrs and constrailtcd ])ara)l)ckrs, aIlcl alJl)roxi-
Illations ill radiance calculatiol]s

(7)

w]lcrc  K~ i s  t,llc lnatrix of Iliodc]  l)araIIlctcr wcigllt,-

ill~ fUIICLiC)lls (~{b = @C/8h) aIld  S6 i s  t h e  COvari-
al)ce  IIlatrix f o r  l])odcl  ]~aralllet,ers.  ‘1’lic collstrai Jicd

])araltlctcr covariaIlce  m a t r i x  S C ,  rncntiollcd in SCC-

tiO]l 3, is a  b]OCk W’it]liJl S&. ~’]le eXtraIICOllS radiaJICC

error-covariancc, also liskd iIl section 3, is a Mock  of
l<b.$b~(~’. ‘J’hc forwarcl  Jnoclcl error-covariaIlce, l;f,

]Ia$ ]Jc(’]1 sCJ)aratCd  frolll ~~sb]{~’  kaUsC Of t]lC d i f -
ficulty of dcfllli[lg ~)aralnctcrs  which  cliaractcrizc t]lis
error source.

‘1’llc decoInI)ositiol) of Llic e r r o r  b u d g e t  iI]to  ~)rc-
cisioll  and a c c u r a c y  dq)cncls  orI tllc t,ilncscale of the
varial)ili(y of tllc error source. Sources suc]l as lnea-
sllreIllcI\t,  error v a r y  0 1 1  t}lc s]lortcst, tiJl)esca]cs (2 s

l)ctwccII hl hfllrs) a~lcl contril)utc  o~l]y t o  tllc preci-
sion, wlti]c otllcrs sIlclI a s  sJnootl]iJlg error a r c  sys-

tctltatic allcl cc)Jltril)ut,c  oJIly t o  the a c c u r a c y .  MOCICI

])aral)lct,er e r r o r s  lnay be systcnnatic o r  Jnay v a r y  oti

aI}y tililcscalc [1/rx/ge7.s,  1 9 9 0 ] ,  and a ])ro]mr dccol II-

]) OSitiOIl rCqllirCS  cXalllilliJl~ t,]l(’ lJICaSllrClllCIlt  S~StCIfl

lIlodcl and tlIc ])roJwrtim  o f  cacl I ])aralnctcr,  ‘1’0 facil-

i[atc tltis aJlalysis, II ICKIC1 ]Jaratlietcr e r r o r s  l)avc lwcII

sulxlividcd i~lto c a t e g o r i e s  cc]Ilsistirlg  of illstrurllclit
cllilr:lc.tcrizatic)Il  e r r o r s ,  slwctrosco~)ic aIid g;col)llysi -

cal ])ara Jllcter e r r o r s , aJId forlvard  JIIodcl e r r o r s .

M o d e ]  paraJllcter errors v a r y i n g  olt illtcrIl)cdiatc

tilllesca]cs CaII ]mcducc biasrs that call bc IllistakcJl

f o r  atlllos[)llcric varial)i]ity. l’or cxaIIIIJlc, iftt]e lnmlel

]mraJnctcr  h(t) lIas aIi a~suljlcd vallJc b“, tltc cstiJnatd

Sta(c iS biWd I)y ~}~fb(h” -  b(t)). CI’}ic  Lilnc avcr-
a~,C of (]IC VariilJICc itl tJ ])ropagatcd tllrc)ugll  cqua-
tio Il (“/) J)rovidcs  all est, ill]atc o f  tl]c  Inodcl  paratllc-
tcr error, }Jul s i n c e  a l l  inforlllatioll collccrtlillg ti[[lc

varial)ility i s  lost,,  tllc cstilnatd error SIIC)UIC1 I)c as-

suJIIed to v a r y  011 all ti))lescalcs. I f  LIIC  ])owcr sl)cc-

t r a  IL o f  tllr variatlcc of  h call  lW cstilllatcd, at least
f o r  tllc dollliIlaIlt frcquct)cics, tllc:Il tllc tilae varial)cc
it) IIlodc]  I)aralttctcr errors call also k cstilnatcd [see
f’a)~oulisj  1965 ,  III). 344- 35’2]. SImcifically,  we tire ill-
icrcskxl il) ]wrio(lic e r r o r s ,  1$’}lcrc  l’~(Y’) is tllc total

l)c)w’cr slwctruln o f  tllc variaIlc.c  c~f L ill all Ilarlllollics

o f  I)criod 2’. ‘J’}Ic aJIl])litudc of  tlIc e r r o r  with Iwriod

q’ i s  Sb(q’)  T ]jKbl>t,(?’)1{~’lJ7’. ‘]’]Ic CC) IIfidC’lICC

t h a t  a  ])criodic sigt]al  iIl a rctrievcxl  l)aralltctcr is Ilot
crrc)l]cc)us is dcterl[iirld l)y tllc r a t i o  c]f tllc atnr)litu(le

o f  tllc. siglial divic]cd  I>y tllr l)owcr  ill tile e r r o r  covari-
atlcc sb(~’). h~a]ly illstr[llI]eIlt j]~ralll~t(?rti  (C, ~., c~-
traItcous radiance aJId ra(]iorJlctric gaifl) h a v e  e r r o r s
witli ]arp,c f r a c t i o n s  o f  tllcir ~)o~vcr a t  tlic }wriod  o f
tllc LJA1{S y a w  lwriod. Stll~-syIlcltroJl  izc(l waves c a n

a l s o  be aliasc(l to tlIc sal[lc ]wriod, s o  l)y est)il[latiIlg
tllc aIIIIJlituclc  c]f fluctuations ill rctricvcd I)aralllclers
f r o m  illstruIncIlt lILodcl ],araIItetcrs, wc will Cstilllatc
ttlc slrlallcst atrllos~,llcric w a v e  syliclIroliixed  tc) lIIC
lJAliS y a w  Iwriod t]lat CaJI  bc rcso]vcd,

McasurcvllcIlt IIoise  e r r o r ,  SIIOWJI  ill l~igurcs  18
and 1 9  Co]ltril)utc t o  tllc J)rccisioll  l~uclgcl and arc
~,eIlerally  less ttlan 0.5 K for tc[n~wraturc and l e s s
t]la Jl 20 IJI f O r  taJlgcnt-])oillt j)rcssurc, h!casurcrncIlt
error illcrcasm ill tllc IIlesos])llcrc  wllcrc IIlost  o f  tllc
retricva] sellsitil’ity COIIICS froln tllc iI)tlcr  cllaItilcls
wllicll  IIavc g r e a t e r  IIoisc. ‘J’illtc s e r i e s  o f  radia  Jlcc

]Ioisc slIc)w little varial)ility, a)I(l a l l  stu(lics iltdicatc

that ra(liallcc J[oisc i s  staticrllary durirtg  IIorlna] M1, S

olwratio Ils.

5 . 2 .  S]noot]]i]lg ltrrors

Slllootllil[g  error is also sl)owll  ill Figures IS arid  ]9,
and is gelicrally  less than 1 K for  tclli~wrature froln
22 t)l’zi to 1 h]’a and ICSS  than 40 IJt for taIIF;clit-I)c]itlt
~)rrssurcs  frolll  ] (1 to (). ] ]11’:i. s{[loot])illp,  crrc)rs  c]ol[li-
~latc tllc error ljuclgct  whcft  ttle ill forInatioll colltent of
tltc ll}casurcI[le)lts l)ccoIIIrx colll])aral)le to tlic a  l)ri-
o r i  unccrtai J)tics, III tllc c a s e  c)f t,llc VcrsioJl 3 ])ro(l -

uct, tellllmratllrc errors at)ovc 0.46111’a relax to tllc
. .

a  ])rlorl  e r r o r  ~) CCall SC C]la JIJIC]S ] -  6 all(] ]~ ]~ arc

JIO~ scIlsitivc to tcIll])craturc at tl[csc levels; while lIc-
10JV 22111’a (10 hl’a for taTlgcl,t-]mirlt  ],ressurc), ttlc

s]noot}JiJlg  e r r o r  i s  a r t i f i c i a l l y  IIig}i }Jccallsc tcln J)cJa -

ture al)d  taIlgcIlt-I)oiIlt l)ressurc arc ]Iot rrtricvc(l,

l;rrors iIl iImtruIllellt l)araInctcrs cc)tltril,utiIlg  to
tllc ])recisioll,  accuracy, and stal)ility error t~ucl,e,cts
a r c  Iistcd il) ‘Ihl)]c  1 .  ‘j’lIc cuillulative e r r o r s  fro][l
i i ] ]  iIlstrutlicIlt, ]mralnckrs are slIowII ill l)ip, urm ]8
alId 19. ]I; rro[s iJl illst, rulljcllt j]ara Jllctcrs gcJlcratc

SOIIIC o f  tllc largest irlaccuracy  f o r  rctricvcd tcll~-
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~)craturc;  kIolwraturc a c c u r a c y  i s  ty}]ically g;reater

t,lIrr II 1 . 5 1 {  aIId can be as large as 2 . 8 1 {  at 0.46111’a.
1(’or  tarrgcrtt-rmirtt  pressure , instrurrlcmt,ril  efkis a r e
a slnzill colrlporlcrit of tlrc irlaccuracy,  gcncratin. g less
tltarl LO])) frorr~ 10 hl’a to 0.1 111’a.

‘J’l)e  corltrit)utliolls to t,clrllmraturc  e r r o r s  f’rorrl ilrdi-
vidual irrstrarrlcl)t prirzrlnctcrs are sllowrl  ilr Figure 20.
l{adiornctlric gain is the largest source, with IJOV and

cx(ra  I]cous radiarlcc  ])roviclir]g  srrlallcr aIIlourlts; t}rc
sidcba]ld ratio colrtril)utiotl  is a factor of 2 srllallcr.
ltrrors it] sidclml)cl  ratio arc tllc likely cause of poor
radiance closure I)ut have a slnall corltri}nrtiorl  to tllc
tcrrl}mrriturc  errors, Iwcausc tllcy lJroduce all alltisyrll  -

lrrctric sjwctral signattlre that i s  orthcrgo~lal  t o  the
slwctra] sig[raturc of t}lc rctricvcd ~)aralrlctcrs (col[l
],arc IJigarcw 14 and 17).

l;xtrarrcous radiallcc varies bc)tl] over aII ortjit arrd
a  yaw’ ~wriod I)ut IIas tl)c largest ]Jowcr syrlclrrollizr?d
t o tllc yaw [wriod. ‘J’lrc rri]s  varirrtior]  is Cstilliatcd  to

Iw a tlrird of tlic average jlower, and h resulting; er-
rors arc sllow]l  i~i Pi.gurc  20. Yaw-} )cricKl syrlclrro~rizcd
variatiotts iri tclrr]wratlrrc below 0.4 Glll’a  arc less tllali
0.21{ froltl  t h i s  e r r o r .  0rL)it-syllcllrolli7fecl  variatic)lls
(trot slrc~wl]) arc less tllarr 0 .051<.  ILadiortletric cali-
I)ratior]  also varies over all ort)it and yaw ~)criocl, I)ut
i ts  irl[lucr[ce is less tllaIl 0 . 0 2 1 { .

5 . 4 ,  S]xxtroscol)ic  a n d  Co]]straillc!d I’aralllc-

t(?rs

~o[lstrairled ])aralrlctcrs i~l t]lc \rcrsiorl 3  ]mc)cess
irlg are l i s t e d  in ‘J’a Mc 1 and illclltde IIOS vclocit~j
Oz alrd 180~ rl]i~irlg  r a t i o s ,  altcl tcrl)pcrat,urC  t~cl”~v

22 ]11’a.  ~ollstrairlcd para]ncters prirr[ari]y aff’cct t]lc
~)rccisio[l,  ~)roviclcci  t}lc value of the c o n s t r a i n e d  ])a-
ralnctcr is IIOL biased. 1,0S velocity l)rocloc.cs errors
Icss tlrall  0.02 K irl tcnl])craturc a~rd 410 irr tarlgcllL-
]millt  I)rcssure; 02 Irlixirlg  ratio gcrlcratcs errors l e s s
lllarl ().02]< aIId !21rr; arid  the  ot]lcr sources corrtril)utc
cor[l~~aral)]e e r r o r s .  IIi sulnrnary, corlstrairlcd  paralll-
ctcrs arc liot a sigrlificarlt error source.

S[)cctroscol)ic I)ararnckrs illc]udc lirlc  strcr]g;t}ls,
frcqucricics, and ]jrcssure t)roadcrlirrg cocflicicrlts arid
corltri})utc  to i,hc a c c u r a c y  arrd ])ias  error ~JudF,cLs.
‘1’]Ic corltril)utiolls from lirlc  s t r e n g t h  and frcc]ucrrcy
rrr]ccrtail]tics to tcrnpcrature errors arc less  t]lalr  0.1 1{
a t  a]] ]cve]s.  ]rlaccuracy it] t]rc ]irlc-~)roadcrl  illg  1):\-
ralllctcr dolniriates t,l]c error from tllcsc sources. 1( is
]Jc]icwcd t o  k hiascd 6% ]lighj  arid  Lcllllwraturc  and
tlitl~,f:rit-I)c)irl~ l)ressurcs chall?;cs  for a 6% dccrcasc ill
lirre-l)ro:i(lcrlirig  I)ararllcter arc I)rcsclitcd irl ‘J’al)]cs 3

ar id  4 ;  tllcsc should be s u b t r a c t e d  frorll  tllc tcrrr -

l~cratures  a]) Jwarirlg,  in h!l X Versiorl  3 files,  o r  t]rc
tarl~,crrt-])oirlt  I]rcssurcs  in tllC lI~vCl ~ f i l e s .

5.5 .  lhrward M o d e l  N o i s e

Porward Inode]  Iloisc  i s  a s s o c i a t e d  with rlurr]eri-
c a l  a~)~)roxirllatiotls  irl tllc f o r w a r d  lrlodcl  and is irl
I)ril]ciJ,]c  rc]atcd Lo tllodcl ~Jararoctcrs c]laracterizirlg
f o r w a r d  Irlo(lc]  Ii]rcarizatiorl aIId rlorrlerical truflca-
tiorl  tlrat lIavc  a covariatrcc  roatrix S~ arrd wei~lit-
i]lg furicf,iorls  Kf. ‘J’lIc  forwarc]  ~r~odc] e r r o r  covari-

allcc I;j ~ KJ.$f Kf’ i s  exIwctcd t o  have rlorl~cro
Ofi. c]iagorla]  elerrletlts. llowcvcr-,  (IIC rct,ricva]  algo-
ritl]rrls assurrlc F;j i s  dia?,oltal, arid  t)ccausc t h i s  iF,-
Ilorcs ])ossil]lc  corrclrrtiolls  bctwccrl  elcrrlcllts, tllc rc-
s(rltirlg ~lrlccrt:ii  rrtics:ire I)rol):it)ly  c) Y'crcsti1rlatccl.  l~iF,-
urcs 1 8  allcl 19 S]IOW that t]lcsc e r r o r s  a r e  sc)rl]c o f
t]rc largcstc  orrtrit~utors totllc errc~r t)~lClgCtsfol  tCrll-
I)cratrrre, corltril)otirlg 1-21< for  terrl]wraturcs frorrr
22]t]’a to ] II})a, l~or t:irlg,crkt-])c) ilit l)rcssure, f o r w a r d

rriodcl  ltoiseis alcss iJr]JK)rtrrrl  terror soorcc, gclrcrally
corltril]u titlp; less tlrall 751rr, Porwarxl  rr)odcl  rloisc  dc-
]m)rds oJi L]]c dcgrcc t o  wllicll  tlIc  atrrlos])]lcric state
varicsfrorllillc lirlc:iri~ratior  lst:itc arid  afl’cctsbotll  the
a c c u r a c y  and tl)c  I)recisiotl. ‘J’hc fractiol) attril]utcd
to accuracy arid  ])rccisiorr  ]ras  riot  bcc!l  cstirllatcd,

arid  forwtlr(]  ltlOdC] rlOiSC  iS ]lCrC \V]lO]]y  ])Lld~C~Cd k )
I)c)tll. (;cll(rzilly,g  rcziter? itrilc)sl~}rcricl 'aria t~ilityleacls
t o  larp,cr forward rlmdcl  lroisc  errors, arlcl fc’rwar~l
II ICKlCl rroisc  is exlmctcd to t)c larger clurirlg  w i n t e r ,
csl)ccially irl the IIortlr. ‘J’IIc forward  llrodcl  error co-
variallce l;~ is  all ‘average’ estirr)atc over a rallgc of
corlditic)ris  arid  IIray urlclerestirllatc  errors irl tllc fcw-
w a r d  lnodc] ilr wir)ter at liip;l) latitudes arid olfcrcsti-
roak L]lerrl rlcar t]lc cqoator.

‘J’lic results of this sectio~l  arc surrllrlari~cd irl ‘l’a-
I)lcs 3 al]d  4 for t,crr)])eraturc and tallgcrlt-IK)irlt  ]mcs-
sure, rcsJJcctivcly. ‘J’llcurlccrtai rlticscorltairiecl  irl\~cr-
sic~rl 3 files arc also s}lowr) for Corll])arisorr  alr(l tcrld  to
hcc]oscr to t]leestirrratcs of])rccisic)ll than accuracy.

Accuracy estiriratcs arcol~taillc(lt l)ro~rgl)c orr~])ari-
so]] of k~l,s tcrll])eraturcs  wit]! o(licr data  SC(S  irt t)lis
sect iorr.

14



6.1 NMC;  C;o]n]~ariscJ]ls

‘J’]IC NMC; daily atlalyscs p r o v i d e  a corttirlucrus

global record o f  stratosl)llcric tclnrmaturc s~)allllitlg
scwral decades [G’c17t/aTl c1 rrl., 1  986] and h a s  l)ccl~

i]lcorl)oratcd  ill a  l a r g e  nutnber  of  il)tcrcorlll)arisoll
studies [e. g., I’k?’l’CI?”c  Cl ~1., I ~~~; ~“iIJf/~~ ~i ‘1, I 19 { ) 3 ;
Grlln(lll cl d., 1 986;  I(ccL’/Itll cl d., 1  994;  }{cmsirmg
(1 d., 1992, 1 994; Wild {i 0/.,  1995].  III this sulxcctioll
tllc NM(; daily analyses  arc  sarnplcd at tJIc h!l,S re-
trieval locatiol)s, allcl colnr)arisons a r c  lnade in zonal
llleans and ill ]Ila])pcd  diffci-cnccs.  ‘J’he h{h~~ a n a l -
y s i s  illcor~x)ratcs glol)al  ‘J’iros Olwrational  Vcr-tical
Sourlder (’JY3VS) soundings  and Ilortllerll l)clllis~)l)cre
radiosolldes lwlcnv 5 h]’a ill sc])aratc IIcl[lis])llcric  anrrl-
yscs  l)ased  OH a  IIlodifrccl  (Ircsslnall algoritl]lll [~’in-
f)fl’ r-f Ill., 1 965]. l)aily 12001J’J’ tcln]mattlrc n]al]s

are ])rodllccd  a t  30, 10 ,  5 ,  2 ,  1 ,  ancl 0.4111’a [6’(1-
11/rIti cilld JVogofanil  I 977].  ]“or tllc I 991- 1993 Iwricd,
‘Il)\~S soul,  ditlg arc ~)rovidcd  I)y tl]e  N O A A  11 satel-
lite, w]licll  is  irl a  SLlll-syllcllrollizecl  lxdar c,rl)it  with
cqllator crossirlgs a t  1530 a~ld 03301:1’.  ‘1’l)c h’hf[~
aIIalyscs  usc data froth 06~OlJrJ’ tllro@ ~ ~~olJ’J’I ‘o
tllai ‘J’OVS data  a t  ally l o c a t i o n  i s  cit}lcr  froltl t]lc
car]y II]orllillg  or fro[n Ll]c aftcrllool!  soulldillg.  lkti-
]nate(l errors  are  I)rovided lry Nhl(; and arc l>ctIvccII

21{ atid  3.51{ at 30hl’a and 10 Ill’a, dc])clldiTIF; 01110-

cation  aIId llci~llt,  slid a r c  5, 6, 7 ,  and 91f  at 5, ~, II
and 0.4 111’a.  NM(; telnIxraturcs IIavc t.)ccll corrcckd
f o r  avcrap;e  })ias crrc,rs dctcr~nincd froln conlJmrisoIl
wit,]) rockctsoIldc  ~)rc)film [G’c17tI(171  cl al., 1 9 9 4 ] .

‘1’IIC data sets arc colllparcd ~)rofilc l~y lmofilc.  ‘J’lic
NM(; aaalyscs a r c  lillcarly illtcr]mlatcd to tllc hll,S
])rofilc  locations without correcting for diurnal varia-
tions. l)ifkrcllces l)ctwccn  tllc data sets arc ilidica-
tivc of ])otc]ltial errors ill cac}l data set, diurtla] vari-
a})ilily,  o r  diflcrcllccs  ill r~sol~ltio]l Jvitll r%ar(] ‘c)
r e s o l u t i o n  tllc tnost sip,llifira)]t  diflercllccs  i]lcludc tllc
15 to ?O-kill-wide ‘1’OVS vertical wciglitillg  fu]lctiotls
[,f’milh ct al., 1979] versus  t]lc 5.4-kllI  h41,S r e t r i e v a l

g r i d  slid IIorizolltal  slllootllill~ ill tllc NM~ allalyscs
versus IIor-izolltal  stllcarillg over aII hll,S sca I1.

Zollal  avcra~cs of  h! 1,S atld NTM~  tetn])crat urc al
1 atld 10111’a for 60”N,  60° S a]ld  equatorial, 100 wide
liLtjt(ldC l)ills arc S] IOWII ill ]’late 8. At 10111’a,  h41,S is
gctlcral]y 2 1 {  co]dcr (Ilall Nh4C; cxcc])t during llortll-
crli  sull}lllrr. At tllc equator ,  h!l,S  and NThl  C t,cllllmr-
a(urcs ap, rw to wit)ll ill 2 K during tllc first 200  days
of o])crat,iollj  I)ut hJI,S  I)CCOTIICW  aj)])roxittlatcly  5 ]<
c o l d e r  start,itlg it) Al)ril  1[]92 and rctnai])s s o  until
h’ovcrl]l)cr  19{)3. ‘1’lIc agrcclrtclit at 1  til’a i s  ltotice-
al)ly  wc)rsc, cs]KXially  otl sotnc winter d a y s  a t  }Iig,ll

la t i tudes  w]lcre  hfl,S tclll~)cratrtrcs  arc a})l)roxilllatcly
151{ lower t})all Nill(; . ‘lYallsir-llts  associated wit])

w a vc! forcing such as tllc stratos~)llcric  suddctl warln-
irlgs,  t]lc cql]atorial suddcll  coo]illg, alld  t h e  sc~lliaw

Ilua]  oscillation (SAO) arc co~lsistctltly strc)ll?,r’r ill tllc
hlI,S flcld at all lCVCIS.

Xcr~lal ]ncrIn  diffcrcnccs a r c  SIIOWII  ill l’]atc 9. ‘J’]Ic

diffcrmccs IIzrve a strc)l)g  atlllual oscillation, which at
JO 111’a is a])lmoxitrlatcly  41< I)Ca~ tO-l)Ca~  at hi@ lat-
itudes allcl 2 1{ llcar the equator. ‘J’l)e 10 hl’a cooling
at the e q u a t o r  startirlg ill AI)ril  1 9 9 2  a~~pcars to k
correla ted to the quasi-l) iatllllra] oscillation (QllO);
hll,S t,cnl]mattlrcs SIIOW a larger-aln])litlrdc Ql\O, At
1  h l ’ a  tllc allrlltal oscillatio~l  ill MI,S  tcrnl)craturcs  is
a])]) roxilrlatcly 151{ lJcak  to ]wa!i at 60° S, 10 K at

60° N a)ld  ICSS tllarl 21{ at t}le equator. ‘J’IIc SAO do]n-
irlatcs tile allllua] cycle  at tllc equator at 1 lrl’a atld
is aljl~roxirrlatcly IOK l)eak tc) I)cak  larger in h!l, S.
ltquatorial diflcrclrccs at 1 111’a  during h’ovclr~})cr atld
lk-crlll)cr 1991 allcl 1992 osci l la te  wi th  a  4 1{ alll~Jli-
trlde, and a coltl~)arisorl  of tllc telrll)craturc tirnc series
(1’late 8) SIIOWS oscillatiol]s tll.at  arc af)l)roxirrlatcly 2-
3  tilncs larger ill hll,S tclrll)crat~rrcs. ‘J’llc S A O  a]ld
(j]]() arc associated wit]]  ])larletary wave  activity [A TI-
drrws c/ al., 1987],  attd difl’crc])crs  l)ctwccl)  hll/S  and
Nhf(; tcrl]~wratures  irldicatc that tllc sigrlat~rrcs  ofdy -
IIarllics  associaicd with ])lallctary w a v e s  tcrld  to I)c
l a r g e r  ill tllc MI,S tcrn~mratrjrcs.

‘J’IIc zollal lrlcall diffcrcllcc SIIOWS a  72-day  oscilla-
t iolll a  discorltirlllous  cllall~c ill tern I)craturc a c r o s s

y a w  lrlallcuvcrsj and differences I)ctvwcll  averages

froln data otl the ascctldinx  and dcscctldillg  s i d e s  o f
t}lc c)rbit  (slloivrl  iri l’latcs 8 a r r d  9).  l’art o f  tllc cx-
])lallatiol] for tllcsc fcatllres arises frorrl  tllc ])rcccssioll
o f  LIIC lJAI{S orl)it thrc)uglt  12  ]iours o f  s o l a r  tilnc
e v e r y  3(i d:iys and tllc discolltirllrolls  cliarlp,c in so-
lar titllc duril)g a  ytiw IIrarlcuvcr. Sllll-syl)clkrorliz,ccl
waves  arc  aliascd o~lto oscillatiotls of tlic zo]ia]  Incan
Wit]l l)cric)ds  cqua] tc) 7 2  d a y s  d i v i d e d  ])Y t]lc  Zorlal
wavcllulnlwr  (e. g., the diurrlal arid scrnidiurrlal  colll  -
Iwrlcltt ?irc aliascd to 79- al)d  36-day osrillatiolis), atld
Lllc diflcrcllccs  t)ctw’cell sides of tllc orl)it or acrc)ss yaw
~t)ancuvcrs  coltld I)c associakd Ivitll  thr M1,S saln-
]Jlillg c)f $vcakly lrlodlrlatccl , Sllrl-sytlclirc)  llizccl waves.

llcnvcvcr,  systcrllatic errors  associa ted wit~l exLrarlc-
ous  radia]lccs could ])rod~lcc  silrlilar cflccts. ‘J’llcrc arc
several  rc:lsorls for I)elicvir]g  rllost of t,l)cse diflcrerlccs
a r c  IIot irls~rulllclital,  IJirst, tllc diffcrcrlccs Ijctwccrl
zo]lal  avcra!;cs or] cacll  s ide  c)f tllc or})it  arc  oftcll a s
Iargc as tllc variatioli over tllc yaw I)criod, wllilc  cx-
trarleous radiarlccs vary rllllcll  Icss over art orbit tllarl



Ovcl’ a  yaw Cycle .  Sc!colldly, tllc yaw pcrioc]  oscilla-
tioII of insolation is lnodulatccl t)y the ycar]y c y c l e
al]d  a sitllilar IIlodulatiol)  is liot, s(x-]1 irl tllc t,clll])er:~-
ture oscillatioll. l,asily, disco[ltilluous cllartgcs ill so lar
tirllc at equatorial ta~).gcvlt  points across yaw IIlarlcw
vcrs  sect]) t,o k c o r r e l a t e d  t o  scjlar  tirnc dc~wl)de]lce
of Slll~-syllcllrollol]s  waves .  l~or cxarll}]lc,  at t}tc equ:L-
tor, solar tirtlc rcgrcsscx 3.6 IIours  earlier 011 O]IC s ide
of  t,lic orl)it, I)lacitlg it at the salt]c solar titilc as 11

d a y s  e a r l i e r  01) Ll)c salne side of tlic orbit. ‘1’}ic tcJli-
lwraturc disco~ltilluity  bctwcc]l clays  at tllc Saltlc  s o -

l a r  ti]tlc I)ut  11 clays  a])art  tc]lds Lc) bc II IUCII s][lallcr
tllall  Lctwccll  days il]lllle(liaicly  across t,lIe yaw Illa-
IIcllvcr  l)ut {Lt difl’crcllt  s o l a r  tillles. ‘1’lIc asc.cllditlg
s i d e  o f  t,]lc orbit arc)ulld  29 Octokr 1992 and tllc de-

scctldit~g  side of tlic orbit 01] 21 Sc])tclnl)cr 1 9 9 2  a t
10111’a sccln to illustrak t h i s  corrclatioll, I)ut  tllcrc
are several i]lsld]lccs wllcrc t,l Ic corrclatio]l is w’cak, o r
t~Ic til!lc s]iift scmns to bc grcakr tllall 1 1  d a y s .  ];i-
IIally,  i f  Lhc dif[”crcllccs  I)ctwccl)  tclil I)cratures 0]1 as-
ccllclillg  atlcl dcsccllclillg  sides of tllc orbit arc due to
Sllrl-syl,cllrol,irccl waves, tl~cll w a v e s  c)tlwr  Ll)zu) tll(’
diurnal tides ItIust  be JjrcscIlt.

Figure 21 snows ],rofilcs of zollal average M 1,S altd
Nhl(~ tclll]wraturcs at tllc e q u a t o r ,  ~lliddle  a]ld  lli~,ll
latitrldcs on 10 Jal[uary, 19 January, aIld 17 Se]Jtc~ll-
lm 1992, at}d addresses  differcllccs arising frolil verti-
cal rcsolutic)ll. hl 1,S Jlrofilcs  SIIOW Jlwre  variability ill
i]]c  sLructurc of t]lc stratc)~)ausc a~ld ofLerl (e.g., equa-

torial 10 ,  19 January a]ld  soutl)errl willtcr  h i g h  lati-
tudes, 17 SclJtclnlwr)  do  Ilot SIIOW tllc stratopause l)c-
Iow 0.46111’a,  or slIow  a IIiorc  ])rorloullccd  stratoJ)ausc
(c.?;., llorL]lcrll  wirltcr ],igh  ]atitudcs). ‘J’]Lc NMrG cor-
rections are d e r i v e d  frolll rockctsolldc co~ll~wiso~ls
J)rilllari]y in ~lli(]]atitudcs and sillcc L],cy a r c  average
co]lditiolls  do ]Iot rcfJccL observed  diffcrc]lccs at ]ligll
a]}d ]o~v ]ati Ludcs, csl)cc. ial]y ]Iig]l ]aLitude  wi[ttcr aILd
s~lll)lllcr  [1,’irifgt,!, ct al,, ]993; l(c T/lsbc7g eI! al., 1992].

‘J’llc l:irge  diflcrcllccs hct}vccII  MI, S atid  NM~ tc]lI-
]wra  Lures at, 1 Ill]a ])rol)al)ly  arise frolll  diffcrcllccs itl
vertical rcsolutiol).

Mal)jwd dfiily  M1,S NM~ tclllJwratrlrc difkrcllccs
aL 10111’a a r c  sllowll  ill ]’]atc 1 0 .  ‘J’tlc krp,cst difkr-
CIICCW  arc llcgative (hll,S colder tlla]l Nh4(;)  aIId occur
ill willtcr at IIigll ]atitudc, u s u a l l y  wllerc IIorizolltzrl
tclll]wraturc gradients a r c  l a r g e s t  (SCC l’]ate 3). AL
tallgcllt track crossillgsl distigrcctllcll~ l~ctwcc]l colc)-
t’atcd  ])rofilcs  of ]Ilorc  tllcll a fcw l{clvill illdicatc ci -
tllr-r t}lat tllc atlllosl)]lcrc lias clla~lgcd  hctwcclt lllca-
surc]llclits (Nhl(; i s  tl)c salrlc f o r  l)oL]I  J)rofil(w) o r
that, a!} e r r o r  sourrx ill tllc hfl,S r e t r i e v a l  is dilJ’er-

cllt for  L]]c tww J)rofiles. ]Jisagrccrllclit  ]XLWCCJI co]o-

caLcd ijrofilcs is stroll:;cst ill tllc willtcr I)clllisl)hcrc at
Iligll l a t i t u d e s  atld alxwl)t  ill tltc suttltrlcr  IIclnis],hcrc.
‘J’ravc]illg  J)]allctary w a v e s  are stro~lr,cst  ill willtcr at
Iligll l a t i t u d e s ,  vwak  i{! ttlc sullllllcr, slid are a Iikcly
c a u s e .  ‘J’IIc l(OS  dircctiorl  fc)r colocatcd J)rc)filcs a r c
usual ly  IIOL collinear and 1,(1S gradic~lts arc a ljotell-
tia] source of disagrcc[[icllt llctwccll colocatcd ~mofilcs.
1,0S F,ra(lictlts  arc  cx~wctcd  to l)roducc tllc l a r g e s t
disap,rcc]llcllt WIICII  tllc 1,OS direc Liorls  f o r  cc]locatcd
J)rofi]cs  arc ortlkogollal (Iiear 60° i!l the llclilisJ)llcre

IIavirig  I,laxirllut,) cc)vcragc  atld  20° ill the otlter) arid
t}le least at  tllc cxtrclllcs o f  tllc t:ill~cltt t r a c k .  011
10 Jariuary ]Icar  t}le 65” N, 4.5” 11; arid  011 1 7  Scj)teI[\-
bcr rlcar (i5° S, 2250];,  disaF;reclllctlt  i s  g r e a t e r  L]Iari

I O K  and fflay  I)c associated with ortllogo)lal  1,OS di-
rcctiolls.

‘J’llc sj)atia] varia},ility  itl X2 (1’ la te  5) IIas feal,urcs
sirlli]ar to t]ic teI[l  Jwraturc difl’crcnces,  suc]t as 011 1 0
Jarluary Ilcar 70°N, 45°1~  and oll 1 ?  ScJ)teIl]t)cr  I\ear
75° N, 180°11, wllicll  r)rol)al~ly  arises l.wcausc  tltc a }lri-
ori state is J)ri]llarily tllc Nhf C arlalysis. As discussed
i]) scrtiorl 3, X2 aTId h41iS  NThl C squai-cd  tclll~)eraturc
difkrcliccs arc wcak]y  correlated and tllc rrlaI)lxxl  dif-
fcrctlccs s}lo~v sofrIc o f  tlIc  corrc]atioll, esl)ccifilly  a t
IIigll l a t i t u d e  o]) 10  January 1992. Givcll tha t  1,OS
gradients arc largest here, tt]c  ]arp,c diflcrcllccs t)c-
twcc]l  h~l,S and Nh4(~  could itldicatc a degraded MIA
J)roduct. At, t]lc’ sarlic’ tilllc, t,iasill:,  ~,y the a J)riOri i s
largest W]ICJI  M1,S arid  Nhl[:  tcll]l)craLure diflercllces
arc large, so SOIIIC or all of t}lc irlcrcascd X2 ]Ilay  i]l -
dicatc tlta~  ttlc ‘ t r u e ’  state c)f ttle atltlos[)llcrc  is fur-
tllcr frolll tllc NM(; s t a t e  tl)arl  illdiciitd by hllX. F-
IIally,  at several locatiol]s, such as ]Icar  30° N, 27tJ01t
o]] 17 ScI)tcllll~cr,  hfI,S arid hThf C tclll])cratures agree
cvcrl tl)ougll X2 values arc large.

‘J’a})]e  5 ],rcsc]lts t],c lr,catl I)iascs  }WL}VCCII  hll, S
a]ld h’MC f o r  cacll  scasoII, a t  a l l  rctricvcd lCVCIS
for low-, ~lli(ldlc-,  and I I ip , l l - la t i tude I)itls. 011 avcr-
a~,c, hll,S tcltl])craturcs  tel]d  {o k 1-2  K  co]dcr tlla])
NM(; tcttlrwraturcs ttlrou:;tiout tllc II)iddlc  atld  ul)lmr
+r:ltc)$.)ticrc, a]tllc~~]p;ll  hll, S f, CIll J) CI’~t Uf’tX arc Collsi(l-

cral)ly colder (4- 8 K) ill tllc fall zi~ld willtcr  }Iigll lat-
itudes. l)iflk,rclices  ill strat,oJmusc tctllJJcraturc have
tllc IIlost  v a r i a b i l i t y  and J)robal)ly  rcflccL tl[c  ])oorcr
v e r t i c a l  rcsolutioli ill tlic ‘1’{)VS w[’iglitill~, fulictions.
ljast]y, tilllc series of difkrctlccs stlow  lmrial)ility  syll-
cllrollizccl  to t lIC yaw  Jwriods,  scasotis, ar]d year ly  cy-
cle.
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6 .2 .  Co~tllmrismls With I,idar

III this sutwcction, N’JI,S allcl liclar  klnIJcrat,rlre }~ro

fil~s are cmn~mrccl.  IJiclar  tclnIjcraturc p r o f i l e s  llav~
sul)kilolnctcr ver t ical  allcl hor izonta l  rcso]utiolt  ai]d
a r c  accurate to aroullcl  a Ke]vin ill the uIJIwr  strat, o
s]lllcre and l o w e r  lIlcsosI)hcre. l,idar oI)cratc at, night)
c l o u d  c o v e r  Iwrlnittillg,  and gcncra]ly  illkgratc f o r
al] h o u r  o r  lllorc to get 1 1< tcllljwratr]rc J)rccisioll.
‘J’clll]wrat(lrcs are scllsitivc t,o s l l l a l l - s c a l e  wravc dis-
turl)al]ccs, dc]wrldi]lg 0]] irltcgratioll ti]nc, and ill a l l
cases are scllsitivc to diur~lal  variat, ions.  l,idars C1O
rtot  ])rcwidc  global  covcra?;c  arid  are ~>rilnarily  l o c a t e d
ill Ilortllcrl! IIlidlatitudes.  ‘J’he d a t a  sets usd ]Irrc ill-

clu(lc lncasurcqllcnts from tile ‘J’al]lc h!ountain lracil-
ity (’I’MF)  (klifc)rllia, Obscrvatory  of Ilautc-1’rovellcc
( 0 1 1 1 ’ )  Frallcc al]d  tllc G o d d a r d  S})acefligllt  (;cl,tcr
(GSIU) h4arylaIlcl,  slid itlcludc  (1w @ltre Natiol)a]
dc l a  IIccllcrclte Scicvltifiquc  (ChT1i,S) 532- IITII lidar
at ()]]]’ [(~/IoT~z!I  o>~d l]cuchcr-orj~r, ]  {)8]], t,]jc Jet,
l’rol)lllsioli l,al)oratory (J] ’],) 35311111 lidar at ‘J’Mlr
[Afcl)crrnid cl ul.,  1990],  al]cl the l~loljile StatoslJllcric
Ozo]tc  J,idar ‘Jkailcr lf;xIwrit[Lcllt, (S’JltOZ-1,1’J]I:)  331-
11111  lidar [Jfc(;ce cf 01., 1 995] cl]wratcd  at cacll  of
(11(> tllrcc sites. All illstru~llcltts  rctricvc dcl)sity f r o m
(ltc illtcllsity of Lackscat(ercd l{ay]cigh  lulllirlallcc  altd
esli[t]ak tclnlwratrlrc usitlg h y d r o s t a t i c  l)a]al)cc.  ‘J{)
IIlillilllize tllc e r r o r  ill csliltlat,iltg cli(l’ercrltial  density
frolt]  l)iickscattcrc(l  l{aylciglt lull]illancc frmll acrc]solsl
tllc S’J’l K) Z- 1,1’1’II;  lidar a l s o  uscs all N2  l~ac!iscat-
tcred l{alltall  sir,ltal whic]l  i s  or)ly wcak]y  affected
},y a e r o s o l s ,  ‘J’lIc ]ocatiolls, a])l)rc)xilnatc illtcgratio)l
ti]ncs, a~ld IIutlllwr of I)rofiles  for each clata set used ill
tllc coll]l)arison arc surlllllarizcd ill ‘J’al Ilc 6. ‘J’lIe clata
illcludc tlLc ilct,work for t,llc l)ctcct,ion  of Strat osI~Ilcric
(~llaltge  (Nl)S(~) lidar illtcrcc)lll])tirisorls  a t ,  0111”  attd
‘J’MIJ duritlp,  .Jllly-Aug[lst and lrcl,ruary a]ld  hfarc]l
] {)~~ [I!’d+ld Ct (1/., ] 994;  ]r’Cl’lUIC  C/ (d.,  ] of)b].  ‘J’hc
C;NTliS lidars were adversely afkt,ccl I)y tile I’iltat,rll)c)
a e r o s o l s  duril~g  tlw illtcrcoll~~)arisc~ll  ]mriod, and t,elll-
]mraturcs I)clo)}, 34-37 k]n (4 111’a)  arc gcllcrally  coo]cr

tlla)l tllosc froll]  S’J’I{OX-1,1’J’l; l)y 1- 21{.

l,idar I,rofilcs arc r e t r i e v e d  otl a l t i tude  ~rids al~d
a r c  tratlsfor~tlccl  to  I)rcssurc grids Usirlp, IIydrostat, ic
l~alallce  and illc Nh4~ ]mcssurc  at t,llc lmttolrl. W]tcr]
takirlg difltircrlces lwtwccll hfl,S and lidar Imofilcs,  the
lidar I)rofilrs are s]nc)ot  lied to t,lle h! 1,S rctricva] grid
usitlg ]cast squares  fit. tillg to tlic hll,S ver t ical  Imsis
fullct,iol)s.  hfl,S I)rofilcw arc  selected for  colll])arisorl
froll} a 12-l~our,  20° latitude I,y 50° longitude willdow,
cclltcrcd o]) tllc lidar ~l)casurclnc~lt.  ()]Ic  h41,S  ])rc)filc
is  collllwirccl  tc) tllc lidar ])rofi]c,  using all oIJtilllizatiorl

Critcrioll  t}lat Inirli]nizcs t,lle sur Il o f  lllc gcc]dctic  afld
rrleridiollal distances twtween  t,llc lidar station atld the
ifll,S taT)gellt j)oillt (this critcrio~l  takes irlto  collsi+
eratioll that tellltwraturc dclwl~ds  Illore oll l a t i t u d e
tllall 0]) lc)llgitudc). l’rofilc coln])arisons  arc shown
f o r  t,llc ]Iearest roi~lcidmlcrx,  hut a v e r a g e  diffc,rcllces
are collt])utcd froltl  all coirlcidcltccs satisfying tllc cri-
teric)]l.

l)uril]g l)ecelll})cr and January 1991/1992, ltortll-
crn  hi~ll-la[itllde hfl, S arid  Nh4C tctrll)craturcs dif-
fered I)y rl]orc  t h a n  20 1 { ,  and h41,S  X2 \\rcre oftcvl

4 tillics lar~,cr  ttlall ty~)ical  values. ()]11’, located at,
44°hT, is tllc llortlicrllll]ost lidar ill t h i s  intcrcotn])ar-
isol) and J)rovides  an illdelwtldcilt  mcasurc~ne]lt dur-
irlg tllcsc titllcs. V a l i d a t i o n  stuclics of tllc ~NliS li-
dar stat io~ls [A’cck/~uf et (il., ] 993] at c~cl)t rc d’]fksai
(Its l,alldcs, IIiscai-ossc  (~1’;l,),  0111’,  and tllc shi])  }1.
l}oincatt, corlll)arir)g wittt radar-tracked radiosolldcs,
rockri-rc]cascd fallirlg s])]lcrcs,  and tllc J,]hf  S C]at,a
[Itcnlsl,crg,  1986] snow  difrercnces less that, 3.51< fro,,,
37 to 64 k]ll atld ICSS tllali 1 K hctwccll 30 a]ld  35 kill,
I~iF;urc  22 s n o w s  Iidar, MIS, aild Nh4~ l,rc~filcs 011

6, 10, 2 7 ,  lkccvl,lwr 1 9 9 1 ,  a~ld 3 Ja]luary 1992. ‘J’he
closest h41,S  I)rofilcs  arc 260, 110, 160, and 390 kIII

away  frolll tlIc  lidar, atld  w e r e  ]Ilcasurcd witllirl 1, 1 ,
1 6 2 ,  and 4 IIli]l of tl)c  lrlidlmiilt  of tlIc lidar illtcgra-
tion. ‘J’]Ic hlI,S X2 for these i,rofiles a re  147 ,  134 ,
]88, afld  158, and a r c  ty])ical fc)r \~crsio~l 3 .  ‘J’}Ic
NhIC ])rclfilcs a r c  ol.)taillcd  usirtg  lIIC salllc illtcrl)o-
Iatic,Ii  IIlctllod outlillcd }.)cforc a]ld  a r c  allalyzcd f o r
120011rJ’ (altlloug]l  tile ‘J’O\~S I,rofi]es  win-c collected
a t  1 5 0 0  U’J’). ,Sittcc t,lle lidar atld hfl,S IIlcasurclllc.rlts
arr Lakcll CIOSC to 0000  IJ’I’, Slllt-syllctlro~lizccl  atlt]o-
S])ticric disturl)a]tccs sl[c~uld be rc])resclitccl  silllilarly
irl tlIc hll,S atld cN’l{S  d a t a  sets l)IIt IIOt iIl tllc Nhf C.
‘J’IIc slncmtl]cd  lidar I)rofile  tracks l,llr hj],S J)rofilcl
atld  Imtll  l)lacc  tlJc  s[rato])ause at t,tlc salllc IIciglit  a]}d
w,it,l] silrlilar la I)sc ra(,cs,  CXCC1)l  27 J)cccrll})cr,  wtlclt
h!I,S }Jaccs tllc strato])ausc ~ 5 kIIJ (Iog,-])rcssure  co-
Orclillatcs)  al)ol,e  t]lc ]idar. ‘J’Jic 2 7  lkcclltlwr coin-
cidc]lcc  lIas  tlic lar?,cst tilllc a]ld  l a t i t u d e  diOkrcllccs
(tl)c h41,S  l,rofilc is located at 42.6°N) of all four co, J,-
])arisolls atld sugges ts  ttlat difl(rctlccs wittl lidar irflI-
~wratures lilay Iw dolllilkated I)y atli)osl,llcric varial)il-
ity. ~;oit[ci(lcllces  arc lls~lally  I~oorcr tllarl 1 0  ill lati-
tude atld 3 hours ill tilllc, a]ld  tlic 1 h K tclllJ)cratrlre
difi’ere)lcc  (at 2  Ill)a) is  l)rol]al]ly  itldicativc o f  t,clll-
I)c~ral o r  sI)atial varial)iiity ill tile collll~arisoll.  l)if-
fcrcllccs arisiltg frollj s]xitial altd tclnJ,oral varia})il-
ity arc cxlwctcd to tm ulll)iasccl  and a v e r a g e  to xcro
ill tllc lirllit o f  large sarlll)lc siy, c, I!’c cstirllakc t,])at
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with 100 l~rofi]c coil~l)arisol~s, systcx[latic di{lcrcIlccs

l a r g e r  tlIaIi 1-2 K CaII Lc estiIllated. ‘1’lIc lowest level
ill Ltlc srIKJotlIcKl  lidar ]mofilc is 4.6111’a, arid  bot}l t,lle
sllloothcd lidar allcl t!ic M 1S kllll)craturcs arc coil -
siskatly cooler  t,l~a]l NMc, wllicl~ are ltlcasurccl dur-
i]lg the afkrllooll. M 1,S lilcasurcs the SaIIIC ]ocatioll
t w i c e  claily  a])J>roxil~latcly  12 liours a~)art,  (l])  cac}l of
tltcsc day tllc aftcr!looll  ])rofilc  at l’22hlJ’J’,  1100U’J’ ,
1700LJ’J’, and 1405 U’J’ were  21{, 21{, 6.51<, and 0.51(
warlllcr tllall tllc rllor[li[lg  ~mofilcs at 4.6h I)a.  Asso]t  I-
ill~, t h a t  tflcsc diff’crc[lces  ])rovidc  all estill~atc of  di-
urltal varial]ility at 0111’, o[lly  a fractiol}  o f  tllc CO](I
I)ias i]] tllc Nhf(; tetn~wraturcs can k cx~>lailled by
diurllal varial)i]ity.  AltlIcIuglI  willkr IIigli-latitude li-
dar data arc sl)arse, tlic avai lable  data  sugp,est  tliat
]argc ]iigll-latitude wi~ltcr  M1,S- Nhl~ differcltces arc
]Iot irldicative oflc)wcr  accuracy ill hlI,S tclll]mraturcs,

]“igurc  23 slmws ~)rofilcs froln the lidar illtcrcolll-
Imrisolls at ~111’ o~i 21 July al}d 13 Aup,r]st 1992.
‘J’llc t w o  ]idar usc  diff’crc~lt wavclcligtlis  and are o])
erakd silllultallcously, but tl)c  intcgratioli ti)]~e f o r

tf]c (;NJEi ]idar T[lcasurc]llclits  w a s  ] h o u r  ill COIII-
])arisorl  wit])  34 Itours for S’I’l WZ-l JI’I’I’; . S’l’l{OX-
1,1’1’1; was also located at ‘J’h(JI~ for a sill)ilar Iidar
i]ltcrcc>rlll)arisc)rl  iri l~cbruary a~ld hlarcll 1992. ‘J’l)e
Iidar olwrated seque~itially, with tfm J ] ’ ] ,  lidar a~d
S’J’IK)Z-1,1’J’II;  tyl,ically il)tegratitlg f o r  2 Ilours and
b IIc]urs, reslwctivcly.  F i g u r e  2 4  s h o w s  ~~rotlle colJi-
]Jariso]ls  or] 2 6  11’cbr-uar-y a~ld 1 9  hfarch 1992.  GctL-
crally, S’I’J{OZ-J,lrJ’lt  SIIOWS less vertical wave struc-
ture than citllcr the J]’], or tllc CN1U3  lidars. G r a v -
ity waves  arc lwlicvcd to gcvleratc rl)ost  of tltis struc-
ture, and wit]]  csti][takd J)criods  of 4 hours and 8 Jirll,
v e r t i c a l  wavclcllF;tfIs  Ilcar 50 Jilr I a l t i t u d e  [L’hafiilI
arid  llaucllccor~~cj  1981] sl]ou]d  bc attclluatcd it) Lllc
S’J’ltOZ-1,1’l’lI; data })ccausc  of  i t s  ]oligcr  iIltcgratioll

tilllc a[ld  atkwllt ill hf 1 , S  tjecausc of  i t s  Iworcr ver-
tical rcsolutiol],  l)iflcrcrlccs ill tel[l]wrature at the
stratoJmusc a t  ‘J’Ml~ 011 botli d a y s  slid at 0111’ or]
?1 J u l y  lIavc  l)otJI lo]lg  ancl s]lort v e r t i c a l  s c a l e s ,
wllcrcas tllc diffcre~lccs  at 0 1 1 1 ”  o]] 13 August  IIavc
OIIly s])ort vert,ica]  scales .  ‘J’lIc ]idars o~wratcd  witllill
1.2110urs 011 13 August, wllilc  011 tllc otllcr clays,  tfIey

ol)cratcd aI)l~roxilI)ately 4 liours, aI~art.  ‘1’l]e al.mllccs
of ]Ollg vrrtica] scales ill t]lc  differences 011 ]3 August
lwssi))ly  arises bccausc tides arc silnilar]y re~)resctltcd

ill l)otll  data sets. III sulr)lnary,  wllilc  slJ]ootfiirlgof  tlic
lidar ])rofilcs  SIIOUIC1 rcrllovc  difkrcllccs arisillg froril
g r a v i t y  w a v e s  ill tllc u])~wr stratosI]hcrc atld  lilcso-
slj}lcrc,  difl”crcliccs  hctwcc])  hl 1,S arid tllc s]tloot,l)ed
lidar I)rofi]cs  of  51{ arc ])rol)ably i n d i c a t i v e  of at-

Illos})l)eric  variat)ility if tllc Illcasurcrlletlt,s arc several
IIours  a])art.

StrucLulcs  ill ~)rofilcs that evolve over  lollgcr  ti[llc-
Scaks, such  as tllr sllarl)llcws  of tljc stratolmuse  (i.e.,
c u r v a t u r e  o f  tllc J)rofilc)  is secll  it] llIC MIJS cfaLa at
l)otll  lidar siks. For  cxaTlll,lc,  tllc sllarl~  stratol~ausc
scclt  irl tllc lidar ~)rofilc at 0111’ otI 1 3  August  is ca~)-
tllrcd solllcwllat ill tllc hfl I,S ])rofilc,  altlLouglI  tlkc low-
cri]lg; o f  tltc stratc)I)ausc frolll 1 111’a 011 21 JtIly t o
J  .5 ]1}’a k IIO~ SCCII  I.)ccausc of  t,]lc hll,S vertical rcso-
]utio]t. hlI,S a lso  olwrves tltc l)roadcr stratol)ausc at
‘l’N’JJJ I]ut  ovcrcstilllatw tllc width of  tllc strato~)aosc
0 1 1  26 l:cbruary. A j)ossil)le  ex])lallatioll  is tflat h41,S
i s  losirl?, sc~llsitil,ity  Ilcar 0.46  }11’a.  III collt, rast, h’ni(;
I~rofilw (also SIJOWII ill l“ig,urcs  23 and 24) C 1 O IIOt suc-

fccss  ul]y rcljrcsc~lt  cltllcr l>road or IIarrow strato~muscs.

IIJVCII  tlloug}l  hfl,S atld lidar l)rofilcs  S1]OW large
d i flkrcvtccs arisi]tg frorl] raJ)id, sltla]l-scale feat, urcs,

lol]ger-tcrllJ trends, S[lCII as tllc alirlual cycle, arc siltli-
lar]y rcI)resciltcd ill I)ottl  data sets, ‘J’JIc J]’], Jidar col-

lcckcl 147  Iicar-coitlciclellt ])rofiles  wi th  Ill],$i durillg
t]lc  first 520 days of hf 1,S o])cratio~l.  ]rigure 25 stlows
tllc tiit]c series o f  h41,S arid slnootllcd ‘J’hll~ ternl)cr-
aturcs a t  4 .6 ,  1 ,  atld 0.46111’a.  l)uri]]g tllc w i n t e r ,
l)otll  clata sets caI)ture SUCICICII  war]nillg cvcilts, a-
t}toug}l  tllc lidar s n o w s  larger fluctoatiolls, Wit]l tflis
excel)tioll,  tllcrc i s  1 1 0  cwiduice t]lat h41,S  tc]lIJ)cr;l-
turcs duri]i?,  tf]c  witltcr arc ill l e s s  agrcclnc]lt wit]]
‘J’hll~ tc]l]]wratures tl)all ot]lcr seasorls.

h~call b iases  kt,~vccrl  hl 1,S a]ld  lidar tclllj)craturcs
a r c  sulrtlliarizcd ilt l~igui-c 2 6 .  ‘J’llc total ]Iutntwr  o f
l~rofilcs for eac]l  station used irl ttlcsc coIll])arisoIls  is
listed ill ‘J’alblc 6; S’J’llOX-1,1’J’l; I)rofilcs  arc scI)aratcd
by locatio~l  ofltlcasurerltc]lt  (GSIJC, ‘J’NJII’, arid 0111’).
‘J’IIc S’J’ltOZ-  1,1’J’I;  co]ll~mriso]ls  lLavc f e w e r  I)rofilcs,
tyl)ically 1 0  2 0 ,  a s  co]ll]mrcd  wit]i  tllc ~iYIJ,S and
J1’1, lidars ~vliicll had 95 and 1 4 7  I)rofiles,  aIId s t a -
t i s t i c a l  rloise  fluctuatio]ls (Itlostly  atlllosl)licric) froln
tile slllallcr saIJI1)le sizes are Cxjwctccl to h 2-3 Li]llcs
larp,cr.  ‘J’IIc ‘J’hJl~ alld S’J’l{OZ-J,l’J’ll~ d a t a  arc gctl-
crally warltlcr tllatl hl]f+ by a])])roxirllatcly 1-4 K bc-
twccw 4.6111’a and 1  Ill’a, hll,S is  warrllcr tllall t h e
C;NI{S  lidar })ut I)Y less  t]la]l  0.51{.  l)i(fcre]lccs witli
tl]c tllrce S’I’I{OZ-1,1’J’II;  data sets vary bctwcctl O K
a)ld  -2 K. III coltt])arisotts }vit}i  hll, S tllc ~NllS lidar
i s  tvar)ller tlla]l tf)c  J}’],  ]idar, })ut tlIc  S’I’l{OX-J,l’J’I;
liclar  at 0111” is colder tllall t}lc S’J’lioZ-l Jl’l’l; lidar at
‘J’M1’, ‘J’llis sup;gcst,s t h a t  IJICaTI SrJ’ltOX-l,l’J’lt  hll,S
tclfl~wratorc  differcltccs are site dcj)crldcllt kcausc of
tllc SIll[ill Sa]ll])lc  size. A t  10111’a tllc CNIW  lidar
SIIOWS a 4 K cold l)ias wllicll  is a])])roxir!latcly tlvicc  as
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large as tl]c  S’J’l{OX-l,Irl’l;  bias. ‘1’l]c Ch’l{S liclar  a t
10111’a  ]nay l)c biased cold l~y l’i]la(uho aerosols arlcl
S’J’l K)Z-l,l’I’l  I; wit}} its l{atIlal) channel })rol)ably  ])ro-
vidcw the tllc more accurate data set. 111 co]nl)arisc)l)s
wit]l  l,lhl S te]lllwraturcs l~ct,wcc]l 43 a n d  4 6  krrl (X
2 Ill’s) tllc ~Nl{S lidar at 0111’ was found to hc 0.51{
c - o l d e r  duril)g May 1979 and aJ)I)roxilnat,cly  1- 2 K
colder during A})ril [l{cv)sbc~g,  1986].  ‘J’hc J] ’l, lidar
SIIOW,S a warIr)  l)ias  coItl])fired  to MIJS s l i d  tl)c ottlcr

lidar. 11) colll])ariscn]s  t)ctwcen SI’IWX-IJ1’J’l;  (witho-
ut, tllc l{alllatl cl]al]]lcl)  alld tllc J]’], lidar during the
1989 Stratos])]lcrc OzoIic  lTltcrcoll]l)ariscJll  Caln])aigtl
(S’1’ol~), tile ,11’1,  ]idar w a s  a l s o  ot)scrvcd  to he 2 K
wartncr tllali S’I’l{OZ-1,1’J’l’; at 30 kln [1’k?fow  c1 d.,
1995].

7. Summary of l’;stimatjtxl l’;rrors

‘1’}tc  atlalysis of scctiol~  3 Ilas sllow~l t h a t  ttlc cur-
rcllt h41,S  rc~rieva]  alp;orith]ns h a v e  sctlsitivity to at-
IIms})lwric  tclll])craturc bctwccl) 221il’a  al]d 0.413111’a.
l’recision, accuracy, and stal)ility have Iwcll estilliatcd
and arc t.abulatcd ill ‘1’al)lc 3. }’rccisio]l  }las col)tri}~u-
1 iol)s associa(cd wit])  ~llcasarcrncllt  ~)oise ( l e s s  t]lan
0.51{)  aTld sc:I1l-clc])clIclcllt  f o r w a r d  l[lodel  ilttcrJwla-
t,ioll errors (arou]ld 1 l{). Accuracy is thought to lm
lilllitcd ])riiilarily I,y errors  ill the 0? Iillc-t)roaclcl]  ill?,
],aralncter and f o r w a r d  lnodel  crrom a])cl var ies  bc-
twcc113K  and 5.3 K.hfost oftllccrror illlirlebroadcll-

itlg ]Jaralllctcr is lnatlifcstcd as a 1,5 2.21{ cold  l]ias,
atld alttloug,ll  ttlis is I)rcsclltcd as a sc))aratc colulll]li)l
tllc tal)lc, it is also itlcluclccl  in tile accuracy cstill~ak.
'l'llcl]iascs listccli tl'I`aljlc3  slloLllcll  ~cstll]tractecl froll)
nf],s V’crsio]l 3 tclnlwraturcs. ‘1’lic accuracy of  t,ticsc
corrcctcd te]rlj]craturcs is the root Cliffcrcllcc twtwcca
tllc squares  of the  accuracy a]ld  t,ias. hfl,S tc~n]wr-
atllrcs l]avc  tllc I)oc]rcst  stal~i]it,y  at tllc ~wriod o f  a
yau’ cycle (72 days, al)cl atlllc)sj)}lcric  trcrlds wit]l  t}lis
l,criod IIlayl)ayci  llstrlllllcrltal artifackaroulld  0 . 1 5

0.351<  ill altll)litudc. Si,alJilityo vcrlollgcr tirllcscalcs,
or over aII orl)it, is hcttcr tllatl 0.1 K.

~k)ttll)arisolls wit,ll otllcr d a t a  s e t s  corlfirlll  the cs-
titl]atcd b i a s e s .  MI,S  tcllll)cratrlrcs a r c  lotvcr  than
F!h!(; aIId lidar tcll]])cratrlrcs (cxce])t ~Nl{S)  I)y 1-

’21< itl (IIC stratosl,hcre, a s  cx}wctcd  froll~ all e r r o r
i]] ():, lillc-l~roaclcrlillg  I]arafnctcr. A  yaw-l wriod syl]-
cl)rolli7,cd osci l la t ion  ill hll,S NIM~J diflcrcrtccs is 10
tittlcs lai-gcr  tllall exl)laillcd l)y illstrulllcllt,al  cflccts
iltl(l is I)clicvcd  to I)C caused ])rirnarily by atltlosl)llcric
ti(lcs. l)iflkrcllccs it] hll,S atld ‘1’OVS v e r t i c a l  rcsolw
tion arcidclltificd irlccjlll I)ariscJ1ls c~ftelll I)crz\tllrcll(ar

ttlc stratoJ)ausc al)d  CaII I)roduce h41,S  - Nh4C tc~il-
~)eraturc difl’crcllccs  larger tlta~l 51{ that arcs~)atially
and scasorla]ly  cc~rrclatcd.  hlIli Vcrsioll  3 tctrll)cra-
turcs arc Iowcr  ttiau Nhl(I  it~ the nliddle a!ld  uIqwr
stratos})llerc at IIigll Iatitudcs during the  winter ,  aIld
])rofilcsfroll) tllc ~NliS lidarap,rce l)cttcr w i t h  MI,S
tllall Nhf C. \Vittl ttlc cstilltatccl l)ias  adclcd,  MIJS
tcIn Iwraturcs tcrld to lie witllill  ttlc s])rcacl  of lidar
lllcas~]rclllellts; tile J1’1, lidar is 1 to 21{ warfncr tllall
h41,S, tllc ~NllS lidar is 1 to 21< c o o l e r  than MIS,
and S’J’I{OZ-J,l’l’lJ; diflcrs fro]rl  h!lfi by 1 K  warlncr
c)r c o o l e r ,  dc})eIldilig  c)rI tllc a l t i t u d e .  ‘J’cln])crature
difl’crctlccs  l)ctwceII  hfIX arid  lidar I]rofi]cs  arc oftcll
arc)url(l 1 0 1 {  csl)ccially at tile strato])ausc zrTId  oscil-
l a t e  with l~ci~tlt;  IIlost of tllc oscillatioll ( 5 K  allIJ)li-
tudc) isassociatcd with gravitywavcs [H’ilson  cl a l . ,
1991].  lJ])I)cr  stratos])llcric and IIlcsos])heric tc~ll]wr-
atui-c  difl’crellccs  })ctwccII Ilcar-cc)illciclc[lt  hfI, S arid
lidar ])rofilcs  sec]l)  t o  lw rclatccl t o  titnc diffcrcllces
l)ctwccrl  ]Ilc:isl]rc]]]c])ts,  alId call l)c 21< f o r  2110urs
difl’cre)lccs.  ‘J’llcsc difrcrcnces a r c  bclicvcd t o  be rc-
Iatcd tc) tides.

‘J’allgcIit-poi~lt  ])rcssure i s  r e t r i e v e d  frc)ln 1 0  to
0.046111’a  and its errors arc sulnti~arizcd ill ‘1’al)lc 4 .
‘J’artScllt-jjc~i]lt  I)rcssarc l)rccisioll islxtter tllall 100rI]
al~d i s  a s  stnall a s  10111 a t  0.46111’a. l’;stilllatcd  bi-
ases it] ta]l~cllt-lmillt J)rcssurc, derived frolll biases
ill tlic OP lil)c-l)rc~zicle)iilig  ]mrallletcrs, v a r y  bctwccw
100 If] and 340111 (  < 6 % )  altd account  for ]Ilost o f
tllc cstiltlatcd accuracy. ‘J’llc accuracy of ccmrcctccl

tallgcrlt-~)oillt })rcssurcs  is cstir[latcd  to be a])])  roxi -
lnatcly equal  to tl]c IIlcasurclllcvlt ~)rccision.

8. ‘J’opicx for 11’uture Work

,Ilturc devclc)])rncrit  of tllc MIS l)roccssin:, s o f t -
ware is exl)cctcd  to rcducc soll]c of tllc error soai-ccs
discllsscd ltcrc. \Tcrsioll  4  f i l e s  ~vill usc  u]xlatccl C)P
lillc-~)rc)aclcrlirlg  I)arattlctcrs, C]illlillatill~ t]lC lJiaSCS

listccl  itl’J’al)lc  3:~Ilcl l)clJrsiclcl)allCl  ratiosdcrivccl  frcl]ll
rtidia]lcc rcsicluals.  A  [najor coln}mllcllt,  ill tc)ll]wra-
turc i]laccui-acy  ar ises frol])  radiolllctric gairl  itlaccw
racy.  ‘J’clil~)craturc  errors fro]]) radioltlct,ric  Sain  inac-
cllracy arc strongly cc]rrclated Iwt,ww’tl I)rcssurc levels
and a IIlorc  coI[i I]lctc study of t}lc corrclalio~l sl]oulcl
a l l o w  ttle tclll])cratrlrc illacc(]racy at all lcvc]s  to lm
s~)ccificd })y a  sill!,lc ])aralllctcr, ‘J’llis reforlllulatcd
accuracy is  ]~articular]y  itlll)or-lallt to tllc Ia])sc  rate,
wllicll  s]lould IIavc  Ijcttcr a c c u r a c y  tllati lvould  Iw cs
tilllatcd ift]lcaccuracics arc utlcorrc]atcd.

IIll])rc)l(lllc]lts  itl ttlc calculation]) of radia]lcc arc cx-

] [)



~wctcd  to illcrcase t,lle vcrtica] cxtcllt o f  u s e f u l  tCIIJ -
~wrat,ures  a]Id talig,el]t-])oillt I)ressures. Wit]l a]] ilij-
])rovcd  Zccl[)all  lilie-sj)litt,illg  correct ion,  cllalt]tcls 7,
8, alLd 9 wi l l  ])rovidc a d d i t i o n a l  i~lforll)atio~l  al)ovc
0.46  111’a.  llll~m-wc]l)cl)ts  ill the ]iur[]crical accuracy of
tlIc forward ]IIodcl  are ex]mctecl  to allow tllc retrieval
o f  useful tcli)]wraturcs  at 46 111’a,  alId  tl]c itlll)rovd
closure  slIould clii]lillatc t,l Ie forward ltlodel error CCJ-
variallcc l;j ilk tllc error covariancc.

(;l)al]gcs ill tllc r e t r i e v a l  algoritllrlts to IIlorc  cf-
fcctivcly uSC a l t i t u d e  diffcrmlccs froIrl  tllc antellria-
]mil]tiltg m]codcr are j)larllled aIIcl will Iilorc accaratc]y
tic tllc tzill~;cllt-r)oirlt  IJressure and t,erIIIwraturc rc-
tricva]s togetllcr tl)roug}]  ]Iydrostatic balallcc. ‘J’llis
will CXLCI)CI  t,llc useful rarl,gc  of IIleasurerncllt,s atld itt -
crcasc tlIc  ]>recisioll  of t,cullpcrat,urc  a~ld t,allgcllt-I)oiIlt,
j)rcssur-c  tl)rougltout tlIe rehiwal rarlg,e.

]“ip,urc 2 7  S}IOWS  t]Ic illlI)rovcd I)rccisior)  rtJId ac-
curacy tl)at call  be exlwct,ed. ‘J’elrtrwraturc  J)rccisiolj
wit]} ilil]lrovrxl  alppritlllr]s slIc)uld k })cttcr tlla Il 0.31{
frorll  46111’a to 1 111’a slid ta]lgcrlt-l)oillt ])ressarc j)re-
cisi<)li SIIOUIC]  I)c b e t t e r  t,llalt 2 0  Ill l)ctwcc~Il 2 0  11}’a
aJId JJ. (15 111’a. ‘Ikrlllwraturc accuracy sl)oulcl bc lwttcr
tl~all 2.51< lwLwCC])  46 Ill)a arid  0.4 Glt}’a, and slIoulcl
I)c strorlg]y cross correlated. ‘I’allgclit-J)oi  llL J)rcssurc
:icca  racy sllc)uld  bc I>cttlcr tltall 80 If] bctwcclI 20 111’a
af[d 0.1 Ill’a. ‘J’cril]mraturc  accuracy will ilrl])rovc  by
a factor c)f 2 (frolll 4.61{  at 1 111’a to arou]]d 2 K) aIId
tatigc]lt-~)oirit  ~~rcssurc accuracy slloulcl  il[l~)rovc I)y a
factor greater ttlal~ 2EI.
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Figllrc 1. Sylltllctic sIwctra at 1 Ill’a, 10 Ill’a, and 22 Ill)a  for isottlcrlllal atl]~os}jllcrcs  at tclll~wratures of 225 1 { ,
245 K, allcl 265 K, rcslwctivcly.

Nigll]w 2. l{ctrievcd ~Jrofilc (thick solid  line), a l~riori ullccrtaiT]ty (solid lillc), cstilnatrd uncertainty frolll Versioll  3
],roccssillg (dashed lillc), and diffcrcllce trctwcell  a l)riori alld retrieved ])rofilcs  (clotted line) for tclll Iwraturc retrieval

for iMIvIAl~ 579488  (10.07° N, 105.6°  1;, 17 %l)tclntwr 1992, 0839  U’J’). ‘J’llc lc)~vcr scale i s  f o r  the retrieved I)rofilc,
wfllile tllc ur)]xx  scale a]) IJlies to the rclnaillillg curves.

Figure  3. Salllc as ]>igurc  2 but for tallgc~it-l)oillt  ])rcssurc. ‘1’}lc l)rofilc  is r)lottcd against tl)c geodetic altitude, witli

tllc dialnollds i n d i c a t i n g  tllc ])ositioll of t,lIc tallgcllt ]millts. ‘1’lIc ul]its o f  tllc ullccrtailltics allcl I)rofilc  diflkrcnccs
a rc  ]lciF;]lt,.Ccl~li~~a]cllt log, ]Jrcssure, as defillcll  irl the t e x t .

Figllrc 4. Global average of tcllll)crature ul[ccr~aillty (dotted Iinc), l{h’l S diflcrcllcc (scllid lil~c), and I{MS cstilllatccl
ul]ccrtaillty (dasllcd lillc) for silnu]atiotts.

IJigllrc b. Silnulated radiailccs f o r  tltc rcfcrcllcc stall ill(crl)olatcd to 1 0 1 ) 1 ’ a  (I)luscs), 2.2 Ill’ii (diainoncls),  and

1  hl’a (triallglcs). lhclucltcy along a b s c i s s a  i s  r e l a t i v e  t o  l)alid  ccrlter arid  is stretc}lcd t o w a r d ”  barld  ccl)tcr to
se])aratc ccllt,cr  cllarlncls, l’lotting syIIIl)ols  irldicatc tllc ccl)tcrs c)f tllc cllailllcls (7, 8, 9 a r c  n o t  sllow~l).

IJ’igurc G. ltadiancc r e s i d u a l s  froln tl)c  silllulatrd rcfcrcllcc stall, illtcr~, olatcd to 10111’a (I)luscs), ‘2.’2lll’a (clia-
lIIolIcls), and 1 111’a (trialiglcs).

F i g u r e  7 .  Zonally avcragccl  r a d i a n c e  r e s i d u a l s  clerivcd  frc)rtl siluulatcd radiances  and illt,er])olated along tllc stall
track to the 10° h’ a]ld 60° S I)arallcls alld  to 10111’a (I)lus(s), 2.2111’a (dia)llollds), and 1 111’a  (trial  lglcs).

IJigl]rc 8. l{adiarlcc residuals fror[l  silnulatcd radiances alol)~  the 10° N and 60° S ~)arallcl  at 10111’a. l{csicluals  at
10° N arc w]lcrc  tllc scan track crosses t}lc parallc]s at 7° II; (] JIUSCX),  82° I; (astcris?is),  180° It (diall]ollds)  and 269° l{;
(triallglcs). At 70° S, residuals arc at 6°11 (I,lusrs), 88° 1; (asterisks), 186° 1; (diall)ol)ds),  and 2(i9° I; (trial]  glcs).

IJigum 9. M e a s u r e d  railiallccs fro]]] rcfcrcllcc scali, Sylr)lm]s  arc tl)e sar]lc as ill Figure 5

Nigurc 10. Salne as Figure 6 but, for lrleasur-cxl radialtccs.

Vigum 11. Satllc as Pigurc 7 I)ut for measured radiallccs.

l’igltrc 12. Sal  Iic as Figure 8 but for IIlcasurcd raclia]~ccs.

F i g u r e  1 3 .  SJ,cctral sig]lature of a 0.1 kItl Ofrsct ill ta], gcllt ])oillt  ])rcssurc for taIIgcIIt lmi[lts at 0,1 111’a ( s t a r s ) ,

1  111’a (crc)sscs), slid 1 0 1 1 1 ’ a  (clialtlo]lds).

ligllrx>  14. S])cctral signature at, (to~)) 1 Ill)a to a 1 1{ illcrcasc ill tclllJwrature at 0.22  }11’a (stars), ().46 hl’a (crosses),

1 1]1’a (tria~lglcs), 2.2111’a (d iamonds) ,  and 4.6hl’a (])1 IIscs); (lmttolIl) lolll’a to a 1 1{ iltcrcases at 2.2111’a, 4.(illl’a,
101)1’a, 22111’a, and 4Gl)l’a.

l“igllrw  15. S})cctral  s ignature  at (to~)) 1 111’a to a 100111/s  lillc of si!;llt (I, OS)  ve loc i ty  illcrcasc ( towards  hll S) at

0.22hl)a  (stars), 0.46hl’a  (crosses) ,  1  hl)a (triallglcs), 2,2hl’a (dialno]lds), alld 4.61il’a (])luscs); (l,ottoln) IOlll)a

to a 1001[).s  1 ,0S  ve loc i ty  i]lcrcasc at 2.2111’a  (stars), 4.6111’a (crosses), 10 IIl)a (t,riallg]cs), 22111’a (dialllollcls), a)ld
4G111’a (pluses).

F i g u r e  16. Sl)cctral resr)ollse to a 3% i)lcrcasc in Ivi(ltl] of alttcnlla field  of Y’icw (POV) at 1 Ill)a  (t riat,glc), 2.? 11}’a
(dialnor,d), and 10111’a (I)luscs).

l’i~urc 17 .  hlcaslircd sidcballcl r a t i o s ,  radiallcc colitril)ldioll frorll  tllc u])]wr  and ]owcr  sidcl,a]lds, a]ld  tllc slwctral
sig]laturc frolll a 10°~ illcrcasc in siclcl~alld ra t io  (to])  to I)ottolll), III tllc llliddle l)allcl, contri}mtiol]s  fro]!] tllc ~l])IJcr
aIId lmvcr siclel)allds  arc rcI)resclltcd t)y solid  a]ld  d o t t e d  Ii Tics. l{adiallcc co~ltril)utiolls  alid sl)cctral si~; natures ill
tllc niiddlc  and l)ottoln l)allcls arc S1]OWII  at 1 Ill]a  (triallglcs), 4 .6111’a  (dial llollds),  and 10 Ill)a  (l)luscs).

23



Figure 18. %urccs for teln]]crature errors, ‘1’l)e thick solid lirle is Llle total a c c u r a c y  slid is tl)c rss of ljrcrisioIl
((lz~sllccl-clc)ttecl li])e),  stlloot,l,il]g  error (dot ted  line wit],  dia],iolids), ilist,rul,lc,ltal a c c u r a c y  (das}lcd  litle wit]) s[ars),
forlvard Iflodel  lloisc  a c c u r a c y  (dashed Iillc }vitll diallloll(is),  a]ld  forlt’arcl  Ir)oc]c] e r r o r s  (d:ls}tcd-tri~)le  dotted Iille

with circles). ‘J’lIc uricertai[lty co]ltailled  ill tflc I,CVC1 2 a]ld  l,evc]  3 files is SIIO}VII  by a solid Ii[lc ~vitf~ trial lglcs.

Vigurw 19. l;rror  sources for tal,gel,t-])oint J,ressurc, ‘1’llc syIIIbc)ls  arid lirlc styles arc for tllc satiie colltrit,utiol)s
as ill Figure 18.

Vip,urw  20. ~olltrilmtioll to t,cun~wraturc  accuracy frc,ri) iristrurllelit, I)ara(llctcr errors . ‘l’tic illstrulllel]t ]Jaratnetcr
error  (tllicfc solid lillc) is the rss of t,]ic radioI1te  Lric gain error (stars), alltclllla ]IK)V error (dialIlollcl), sidcbafld ratic)
error (crcx+ws), and extr-allcous radiarlce error (circles). hfcasurc]l]c~lt stal)ility over a yaw I)crio(l  froltl variat  ion ill
ex(ratleous  racliaIlcc  (clastlcd Iillc) is also slIowrI.

l“igllrc 21 .  l’rofilcs of zo]]rrl Illcall MIX aIIcl Nhl C telll I)craturcs fc)r 1 (1  Jartuary, 19 Jalluary, slid 17  Se])tclllber
]{)~~. ‘1’]le h4],S ]Jrofile  is S ] IOWII as a so]id  ]illc  w}lilc the Nhl{; ~>rofi]r  is slLc,wll as a das]icd ]il~c. Averages  arc  for
l a t i t u d e  bills froln 5° S  5° N (diall)ollcls), 25°- 35° (star>), 55°- 65° (triallglcs), artcl 75°. 800 ( c i r c l e s ) ;  a]ld  tlic
I)rolilcs  arc sl]iftecl  -I OK, 01{, 10 K, and 20 K. ‘J’l)c llc))~c(~ll~ltc)ri:tl l}ills arc IIortll latitudes for 10 Jatluary aIId soutlI

latitudes for 19 January alicl 17 Sc])telnlm.

Nigurc 2 2 .  ~otn]]arisotl o f  liclar  ])rofiles  froltl t h e  ~clltlc NzitioIItrl  de 1 a  l{ccllerclle Sciclltifiquc  (~Nl{S)  lidar
at Ot)scrvat,ory of ]lautc-1’rovc~tcc (0111’) (44° N, 6° P;) altd closest Ml, S ~]rofilcs duril]p,  willtcr 1991 /1992  orl 6
IJeccll,lxr, 10 l)ccc~,lbcrj ’27 l)cceln})cr allcl 3 January. ‘1’11(  Iiclar  Iiicasurcll]cllts ~vcrc co]lcctcd aroutlc]  0 0 0 2 ,  2 2 4 1 ,
1 9 4 3 ,  a)ld  0225 (J’]’, while tllc N41,S ltleasurcllicIits wer{  collected at 0004 ,  2241 ,  1701 ,  altcl 0225 LJ’J’, ‘J’lle M1,S

IIlcasurcltlctlts were locatccl at 43.1°  N, 9 .1°  II; (265 kIII a\t’i~y), 43.7° NT, 4,7° 1; (1 10!irJ]),  42.G0  N’, 6.6°  1; (164 klti),
a]id  45° h’, 10.7° I; (391 krt]). ‘J’lic original uIIs II Ic)otl Id li(lar Imofilc is sllc]wr~! t.)y tlw tliick solid Iil)c and its I)r-c)jcc.tioll
o]) t}lc h4],S vertical grid by the t]lill  so]id  ]illc  wit]l  })Ius signs. ‘J’lic M1,S ]Jrofi]c  is sl]owll  by tile clashed line arid
t]lc  NJtf~ I)rofilc  at 1 2 0 0  lJ”J’ is showti  I.)y tlw dot,tccl Iillc.

l“igurc 2 3 .  ~orltl)ariso~i  bctwec]l lidar ~)rofiles ald ill I,S l~rc~filcw  cluritlg  sullllllcr 1992 WIICII Statc,sl)llcric  Ozo]]c
],idar ‘1’railer l;xl,crillicrlt (SrJ’ItOZ-  l,l’J’l;)  was Ic)catcd  at 0111’ (44° N, 6° 1;) 011 21 July aJId 13  August .  ‘l’tie
s’I’]io~-],  ]’l’]t l)rofi]e  is show]l  as t]lc  t]licli  solid ]irle, tile (.;NI{S liclar  I)y tllc clast,ecl-tr-it)lc  c l o t t e d  li~tc, tlie IVII,S
],rofilc  by tile das}lecl lillc, a~,cl tlic NMC; l)rofilc  by t]lc  doltcxl  lil~c. ‘J’IIc fGNI{S ]idar o])eratcc]  aroutlc]  ’21 ]3 ( 2 O  J u l y )
a]ld 00301  Jrl’, wlli]e  the SrJ’liOZ-l,lrJ’lt  Iidar o~]crat.ed at, 0125 and at 0141 U’J’. ‘1’IIC M1, S Ijrc)filcs arc at 43.1° N,
3.8° JI; , 2034 lJ’J’ (20 July, 202klll away), a])d at 45.1°  N, 6.8° h;, 0030 U’J’ (1401iIII a}vay).

Figl]r(: 2 4 .  ~olLllJarisc)ti  wit}] lidar ]mofilcs a t  ‘1’al)le Nlc)tltltaifi  l’acility (’J’NI II’) duriltg l a t e  wi[ltcr 1992 OIJ 26
Fcl)ruary alicl 19 h4arcll  cluril)g  S’J’l{OZ-1,1’J’l;, J e t  l)r-oI)ulsio~l I,alwratory (J1’1,) iiltcrcolll],arisol, cartlpaigr, a t
‘1’MF. ‘J’IIc line styles arc tlte salllc as Figure 23 exccl,t that tlIc clasll-tri])lc dc)ttcd line refers to tllc I)rofilc  frolrl  t])e
J]’], ]idar. ‘1’]]c S’J’l{OZ-1,1’J’I;  llicasurclnc~lts  were cc)llcctcxl aroull(l 0838  aIId ] 051 U’J’ ~v]li]c tllc J]’], liclar  collected
its Illcasurc~]]e]lts  at 0445 al)d  0703 (J’]’. ‘J’I)c M1,S ])rofilcs  arc at 35.2° N’, ?4?.2° 1;, 0528  LJrJ’ (95 kr[i away), and
34.6°  N, 244.6°  1;, 0901 lJ’J’ (212  k111 away).

l“i~ur{:  25. ‘J’ill]c series of N41,S (Iillc)  aIId ‘J’MP ]idar (stars) tcl Ill)cratures at 4.6111’a,  1 hl’a, a~ld 0.46}11’+ duritlg
tllc first 520 days  of  hIl,S ormratioll.  ‘1’ILc  hll,S curve SIIOJVS  all clays wl)c]~ NI1,S  collcrtccl clata. 011 days  ~vlIcII tllc
J]’] ,  lidar was JIOt o~)crati)ig,  the local tilrlc of tlic ljrackct,il[~  J]’], }jrofilcs  ~vas irlt,er~,o]zited  tc) t]lc day of t,lic M1,S
lllcasurct[lc[~is, .aItd tile closest ]>rofilc wit}lirl  1211 of t})at  tirric was used.

]1’igum  26. Average diflcrcltccs  }>ctw,ccll the closest MI,S  J)rofile  allcl tllr J1’], liclar  at ‘J’ilfl’ (J,l USCS),  tllc C;NIH  Ii(lar
a t  0111” ( a s t e r i s k s ) ,  S’J’ltoZ-1,1’J’]t  at c;oddarcl SI]aceflig]ll  (’crltcr (clialllo~lds),  S’J’]{OX-1,]’J’]1 at, ‘J’LIF (tria]lglcs),

atId S’J’1{07,- 1,1’III(; at 0111) (sqllarcw).

l$igllr(!  27.  Accuracy (s tars)  a~ld I)rccisiorl  (dialllollcls) cxl)c(tcd frc)]lt illtl)rovcd a]gorit]lrl]s, i)tstrull]cllt cllaractcr-
izatioll,  aIId sJ)cctrosco~)ic  l)arat[lctcrs, ‘J’l)c solid lillcs  arc tllc curves  fc)r tclll])craturc atlcl are l~loltcd  agairlst tllc
scatc 011 the l)ottolll, al]d  the  das}ld lilies a r e  f o r  tat]p,(,l)t-l)oi]lt  J)ressurc aIId are J)lottccl  agai]lst tlIc  s ca l e  a t  tllc
to]).
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l’late 1. Model resolut ion Inat,rix for t)he J)rofiles  sl}ow,li  in l~igurcs  2 :111{1 3. ‘1’l]c avcragirlp;  kcrllcls arc Illc  rolvs  of
tllc J[latrix, sllowillg stnootllirlg of i,l)e true st,atc (a}xxissa) irl the cstirilatcd slate  (ordillatc), ‘1’11(! axis  coorclirlatcs
are !IIc. }~arallletcr  na]ncs, 22]11)a tc~t)]wraturc  ( ’ 1 ’ 2 2 )  t o  0.tM6111’a tclilIwraturc (’J’(J.046); tall:,c[~t-~millt  l~rcssllrc
(1’01, ,.., 1)14)  fcm tl]irtccn MMl})s, 1- 14, cxcludi]]g 8, (1’01, .,,, 1’14); at~cl 26 lmclit~c offsets (Iofl’01, . . . . lofl’29),
f o r  MMIPs 1 t]lrouglt 2 9 ,  exc]udi~lg  8, 16, arid 2 4 .  Mhfllrs 8, 16, 2 4 ,  slid 30 tllroug]l  32 are UWI for  cali}jratioll.
‘1’:illge],t-])oillt  I,ressurc for Mhlll’s grcat,er thal) 14 arc t,clow  IO Ill)a  and arc IIot retrieved for this h4h4AIr,

l ’ l a t e  2.  ~orrcla(ion Itlatrix for tile sarnc [)rofilc  as ill l’igurcs 2, 3, and 1

l ’ l a t e  3 .  lletricvcd telnpcr-aturcs a t  1 0 1 ) 1 ’ a  arc sliown  for (tc)I,) 10  Jatluary 1992,  llc)rtlicr)l  wil,tcr; (Il)iddlc) 19
Jil]luary 1992, soutlierr) sull]~ncr;  a]ld (bott,o]n) 1 7  Sei~tc]lllwr 1992, sout,hcrll  wi]lt,er. Solid circles arc frotn litnb
s t a l l s  oII the  ascclldi]ig  siclc o f  t h e  ort.~it,, diall~olids arc fro]]] dcscctldill F; s i d e  o f  tllc crrt)it.  “1’llc s o l a r  titncs at
tllc equator  0]) t,l~c asccrlclillg/clcscel~  cling siclcs of t}le or})it  are 22.7 ltours/14.4  h o u r s , 7.7 hours/23.4 hours, alld
15.1 hours/23.4 I\ollrs for each clay.

l ’ l a t e  4. l;stirllatcd uliccrtaility of 101]1’a tcll)]wrature  for lIIC days SIIOJVI]  ill l ’ la te  3.

l’lat,c 5. Values of X2 for the days sl]owl] it) l’lat,c  3.

l’late! G. ‘J’illle series of zolially  averaged X2 for tltc first 2 years of hlicrowavc I,illll) Soll)ldcr (M1, S) o~]rratiolls.

l’late 7 . ‘Jkl]l])eraturc uriccrtai))ty (rctricvcd values IJlodc]  v a l u e s )  slid ,X:) at lolll’a for a full day of si[nulated
retrieval.

I’]zitm  8. ‘J’ilnc s e r i e s  o f  hIl,S  and iNatiol~al  hlcteorolo~,ic.,-1 ~c]ltcr (Nh~(;) zo]lally a v e r a g e d  tcinI,craturcs at 10
Ill)a and 1 111’a for 10° latitude l>il)s ccl)tcrcd 01160° S, 0°, and 60° h’. ‘J’IIc hTMC arid  NII,S arc },illllcd  by asce~ldi!lg
data (ye l low for  iVM~J, grccll for hll,S), dcsccmdil]g  data (cyan, blue), a)ld  cwrlll)illcd  data (I(lagcllta, red). lror tllc
Nhf<l  data ,  asccndirlg,  dcscclldir)g, atld mIIIl, iIIcd da ta  titl)c ser ies  arc  J)ratically idc])tical, and oIIly tllc colnhilled
curve is visil)lc.

l ’ late  9. ‘J’itl]c series of h41,S - Nhf C zotlally avcragcc]  tcrll~wraturc  diffcrc]tccs for tllc SaTJJC lCVCIS a~ld latitude bins
as  ill l’la(c 8. l)iffcrcv]ccs  for asccllclitlg,  dcsccllditlg,  and al l  data  arc grcctl, I)Iuc,  arid  red, rcs~)cct ivcly.

] ’ late  10 .  h4a})])cd tcln],crature diffcrcaccs at IO 111’a (hf JS hThl(~)  OII 1() JaIluary 1992 ,  19  Jatluary 1992  and
17 ScJ)icInbcr 1992.
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2’~]}]c 1. ]’rcxision, Accarwy,  liias all(l  St:il,ility  of hlcasurc]]]r~lt, hfodcl l’ararrlr-
tcrs  l)ividwl iIILo  Illstrulllclita] a]id  Atlllos]]]lcric Soarccw

lllstraroc~ita]

radiolllctric calil~ration
ailtcnlla lll’l JW
cxtrallcoas radiatlcc
sideband ratio
scall rcfcrctlce hcigllt

At]l]osIJlleric
Oz lirtc  strcligth
Oz litIc  broadcrlillg
1800 li~tc strcngt}l
1S00 liric  Lroaclcllillg

forward rIJodcl
II;artll  radias
sakllitc altituc]c
II]agrlctic ficlci
lsOO Vfvf]t
Oz Vhlli
1,0S vc]ocity

0.03- 0.331{

800 ]])

1 %
30111

100111
0.02G
300 ~)])Illv
300 l)J)l IIV

70111/s

AccuracJ

0.8%
3%

0.751{
10%

500111

<0.1%
6%

< 0.1%
15%)

1 %

IIias Stability (1’cried)

<  0 . 0 2 %  (36day)
< 0 . 0 3 %  (mclay)

0.251<

1001]1  (36d)
6 0 0  Itl (orl~it)

-1 G%

‘J’lIc radio! lwtric ]loisc  is Iistccl i]) t}lc ]Jrecisioll  colul[in of radiolllctric calibration.
l{adio]]lctric  calibration accuracy altd slal.,ility arise I)rirllarily fror[l  l)O\T related
jmralf]ctcrs. M a g n e t i c  field  ]wccisioll  is  fc,r each cotll},orlclkt,  ajid  Oz and 1800
volulllc IIlixitlg ratios (Vkl]t)  S]rccisiolls  are IIeigllt-illclc])cllclatit  u[)~wr b o u n d s .

~’al~lc 2. ~llallgcs irl h41,S Il~stru~ncllt  O]wratio]ls  ‘J’llro:ig)i 9 ScJ)tcrItbcr  1 9 9 3

l)atc

19 Sep t .  1991
1 7  oct. 1991

3 1  oct. 1991
8 A])ril  1992

2 -  1 4  Jut]c 1992
14- 2 0  JaIlc 1992

~OJuIIc  -  4Jaly 1992
1:3- 17 J u l y  1 9 9 2

25 &’J)t. 1 9 9 2
16- 20 Aj)ril  1 9 9 3

ltwllt

s[, art  of hfI,,S o[~scrvatiol]s
stall ctlaagcd  t o  ilill)rovc scj)sitivjty ill tljc lower

stratosJ)llclN’

illl])rovd ol)latellcss  correction
rcsola!ioli  of ot)latcllms  corrcc Lion itlcrcasd froll)

2,5klil  to 1.25klIl
firsL solar array arloltlaty (SAA), hll S ON
first SAA, o[wraLiolls  it~tcrlllittcl~t
first SAA, lml~d 3 and 183-(  ;ll~raclic]]rtctcro  fl’
sccc)]]d SAA, hlJS C)fl’

irlkgratiorl tit[lc dccrcascd fro~il 1.8 to  1 .7s
183-(;  llzr:~clic)tllctcrf  ailllrc, hfl,S off’
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‘1’al)lc 3. ltstinlatcd l’recisicnl,  A c c u r a c yj IIias (02 IJillc
\Vidtll ltrror), Stal, ility, aild \~ersion  3 LJtlcertaillty  l;s-
tilnatcs for MIX ‘lklnlwrat urc

l’ressure l’recisioll
h l’a K

0.46 3,1
1.0 ?.3
2.? 1.8
4.6 1.6
10 1.5
22 1.4

Accuracy IIias Stability
1< K K

5.1 -0.1 0.34
4.6 -2.9 0.20
3.3 -1.4 0.16
3.7 -2.2 0.15
3,1 -1.5 0.15
3.0 -1.7 0.14

—.

i~crsioll  3

1{

6.4
3,4

2.2
2.1

‘1.9
1.8

l’al)lc 4. ltstilnatcd l’rccisioll,  Accuracy, l]ias (02 l,inc
\Vicltl]  l;rrc~r),  Stal)ility, a~lcl V e r s i o n  3 [lIlccrtailIty lk-
tirnatcs for hfI,S  ‘1’arlgcllt- l’oirlt I’rcwsurc

l’rcssutc l’recisic)]l  A c c u r a c y  IJias Stal)ility \~crsioll  3
hl’a 1 [1 Ill Ill 111 111

0.046 50 320 250 270 30
0.10 25 230 220 8 go

0.22 15 2.60 260 2 50
0.46 10 310 300 1 40

1 2?5 340 340 3 50
2,2 ~rj 310 300 5 80
4.6 50 260 240 6 75
10 CJ() 2?0 200 5 110



q’ah][: 5, ZoItal hlcau  ‘Ikrnl)eratuj-c l)iflkrc]lccs, hlI,S NMC  f o r  h’ortllcr~~ \Villtcr,
Northern Sj)ring, h’ortl]crll Surlllncr  and h’ortllcr~i  Auturnrl, ‘1’01) to llotto~n

1’ (Ill’s) 80° S ~~” S ~~;  s 25° S 25° S 25° N 25° N- ~~” N ~~” N- ~0° N

0.46
1.0
2.2
4.6
10
22

0.46
1.0
2.2
4.6
10
22

0.46

1.0
2.2

4.6
10
22

0.46
1.0
2.2
4.6
10
22

5.1
1.7

-1.1
-2.3
-4.1
-2.5

4.3
-7.8
-7.5
-3.3
-3.3
-2.7

4.6
-3.8
-4.8
-4.1
-4.5
-6.5

G.3
2.8

-1.8
-3.9
-3.2
-0.2

21 l) CCC III h ?’ 20 Afurch

-0..5 6.5
0.1 -0.5
1.0 -?.3

-1.7 -3.2
-3.3 -2.5
-2.5 -1.2
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